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PREFACE 


This  report  incorporates  the  work  done  in  a  number  of  different  efforts 
to  improve  the  Articulated  Total  Body  (ATB)  model's  capability  to 
simulate  human  body  biomechanics  in  various  dynamic  environments, 
especially  aircraft  ej action  with  windblast  exposure. 

The  majority  of  modifications  to  the  model  fall  into  six  categories: 


•  wind  force  option 

•  joint  drift  correction 

•  edge  effect  option 

•  multi-axis  angular  displacement  vehicle  motion 

prescription 

•  slip  joint  option 

•  hyperellipsoid  option 


These  improvements  have  been  combined  to  form  the  ATB- IV  version  on  the 
Armstrong  Aerospace  Medical  Research  Laboratory's  (AAMRL)  Concurrent 
computer  system  at  Wright- Patterson  Air  Force  Base.  AAMRL,  Systems 
Research  Laboratories,  Inc.  and  J&J  Technologies  Inc.  and  the  Natione] 
Highway  Traffic  Safety  Administration  have  all  contributed  to  the 


technical  work  described  herein. 
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1.0  INTRODUCTION 


The  Articulated  Total  Body  (ATB)  Model  is  used  at  the  Armstrong 
Aerospace  Medical  Research  Laboratory  (AAMRL)  for  predicting  gross  human 
body  response  in  various  dynamic  environments,  especially  aircraft 
ejection  with  windblast  exposure.  Aerodynamic  force  application  and  a 
harness  belt  capability  were  added  to  the  Crash  Victim  Simulation  (CVS) 
Program  (Ref.  1),  by  Calspan  Corporation  in  1975  for  AMRL  (Ref.  2),  and 
the  resulting  program  became  known  as  the  ATB  model.  In  1980,  Calspan 
made  a  number  of  modifications  to  the  ATB  model  combining  it  with  the 
then  current  3-D  Crash  Victim  Simulation  program  to  form  the  ATB-11 
model  (Ref.  3).  Complete  documentation  of  the  program  through  the 
aTB-II  version  was  performed  by  Calspan  Corp.  (Ref.  4).  A  new  version, 
ATB-III,  was  generated  which  included  the  improvements  made  by  J  &  J 
Technologies,  Inc  to  model  the  body  response  to  windblast  for  AMRL  (Ref. 
5). 

A  number  of  additional  efforts  have  been  made  to  improve  various  aspects 
of  the  ATB-III  model,  with  emphasis  on  its  capability  to  simulate 
aircraft  ejection  with  windblast  exposure  as  well  as  complex  automobile 
accidents. 

This  volume.  User's  Guide,  contains  updateo  intormation  for  the  ATB  user 
and  a  new  input  description  for  ATB-IV,  Much  of  this  volume  is  a 
reprinting  with  modifications  and  updates  of  Volume  2  of  Calspan' s 
report  on  the  Crash  Victim  Simulator  (Ref  4). 

Section  2  of  this  volume  gives  a  general  description  of  the  ATB  model 
and  its  structure.  An  overview  of  the  ATB  input  data  is  in  Section  3, 
while  a  complete  input  description  for  ATB-IV. 0  is  in  Section  4. 

Section  5  lists  the  stops  within  the  ATB  model.  A  description  of  the 
logical  units  used  by  the  model  including  the  time  history  and  RSTART 
options  is  in  Section  6,  and  the  appendices  contain  soine  example  input 
and  output  from  the  model. 
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2.0  GtlJERAL  FORMJLATION  OF  THE  ATB  MODFl 


Ttu.  Arti ciliated  Total  Body  (ATB)  Model  is  primarily  designed  to  evaliiott 
rio  t  iirt  i-dimensi  ona]  dynamic  respoi-st-  of  a  syi  tern  ol  rigitl  bodies  when 
subjected  to  a  dyr.cXiic  environment  consisting  of  applied  forces  ai  il 
interactive  contact  forces.  Although  the  ATB  Model  was  originally 
developed  to  model  the  dynamic  response  of  crash  dummies  and,  with  later 
modifications,  tiie  response  of  the  human,  the  ATB  Model  is  quite  general 
in  nature  and  can  be  used  to  simulate  a  wide  range  of  physical  problem; 
tliat  car.  be  approximated  as  a  systeti  of  ccinnected  or  free  rigid  bodies. 
The  ATB  Model  lias  been  used  to  model  such  widely  diverse  physical 
{.henomene  as  human  body  dynamics,  the  motion  of  the  balls  in  a  hi  11  aids 
game  and  the  transient  response  of  an  MX  missle  suspended  from  cables  in 
a  wind  tunnel.  This  flexibility  can  cause  the  application  of  the  ATE 
program  to  appear  to  be  overly  complex  to  the  uninitiated  user.  The 
purpotf-  of  this  discussion  is  to  present  some  of  those  program  features 
that  should  be  mastered  to  utilize  the  ATB  program.  Throughout  this 
discussion  a  riumber  of  input  variables  will  be  mentioned.  A  complete 
description  of  these  and  other  input  variables  is  presented  it 
Sect  ion  4. 

To  avoiii  contusion  between  the  overall  body  or  object  to  be  modeled  and 
the  individual  rigid  bodies  that  make  up  the  overall  body,  tbroughout 
this  report  the  tern  "segment"  will  henceforth  be  used  to  refer  to  the 
individual  rigid  bodies  and  the  tt'rm  "body"  will  refer  to  the  overall 
body  or  object  to  be  modeled.  The  approach  used  in  the  ATB  Model  to 
model  the  human  or  manikin  body  (the  "body"  in  the  ATB  Model  simulation) 
is  to  consider  the  body  c.;  being  segmented  into  individual  rigid  bodies 
(the  "segments"  in  the  ATB  Model)  each  having  the  mass  of  the  body 
between  body  joints  oi ,  in  the  case  of  single-jointed  segments,  such  as 
the  foot,  distal  to  the  joint.  An  example  would  be  the  left  upper  arm 
segment,  which  represents  the  mass  of  the  body  between  the  shoulder 
joitit  and  the  elbow  joint.  Segments  are  assigned  mass  and 
moments-of-inertia  and  joined  at  locations  representing  the  physical 
joints  of  the  human  body,  such  as  the  shoulder  joint  or  the  knee  joint. 
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2.1  CHAIN  STRUCTURE  OF  THE  ATB  MODEL 


The  system  to  be  simulated  by  the  ATB  Model  can  be  made  up  of  one  or 
more  segments  which  may  be  connected  or  free.  The  system  can  be  made  up 
of  a  number  of  free  segments,  a  number  of  segments  coupled  together  at 
joints  or  a  combination  of  both.  A  body  made  up  of  coupled  segments 
should  form  an  open  chain  or  a  tree  structure.  While  this  is  not  an 
absolute  requirement,  closed  chains  may  encounter  computational 
problems.  One  must  also  be  careful  not  to  exceed  the  maximum  number  (i 
segments  specified  by  the  dimension  statements  of  the  program  variables. 
Currently  this  maximum  is  30. 

All  body  models  are  composed  of  a  Number  of  body  SBGments,  NSBO,  (NSEG 
and  similar  terms  refer  to  variable  names  in  the  ATB  Model  computer  code 
and  are  defined  in  the  ATB  Input  Description,  presented  in  Section  4.0), 
and  a  Number  of  JoiNTs,  NJNT,  that  are  input  parameters  for  a  particular 
simulation.  Figure  1  depicts  the  15  segment  model  with  14  joints  that 
is  commonly  used  in  car  crash  and  aircraft  ejection  simulations.  The 
number  of  segments  can  be  readily  varied  in  the  input  without  any  code 
modifications  for  up  to  30  segments.  In  some  cases  a  different  number 
of  segments  may  be  desired,  for  example,  if  an  automobile  impacting  a 
pedestrian  is  to  be  simulated,  it  is  recommended  that  two  more  segments 
and  joints  (for  the  hands  and  connecting  wrists)  be  added  to  accommodate 
the  initial  contacts  of  the  hands  with  the  hood  of  the  impacting 
vehicle.  Another  common  variation  of  the  15  segment  body  is  to  break 
the  upper  torso  into  two  segments,  jointed  at  the  sternuc  to  better 
accommodate  motion  of  the  shoulder  complex. 

Whatever  the  specific  body  model,  the  procedure  to  construct  the  body 
remains  the  same.  The  body  is  assembled  as  a  chain  of  individual 
segments.  For  more  complex  bodies,  as  for  the  15  segment  body,  the  body 
can  take  on  a  tree-like  structure,  with  several  chains  (here 
representing  the  arms  and  the  legs)  branching  out  from  several  connected 
segments.  The  principal  limitation  to  this  approach  as  implemented  in 
the  ATB  Model  is  that  no  closed  loop  for  interconnected  segments  should 
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be  allcwed.  An  example  of  a  closed  loop  would  be  if  the  two  segmentt 
representing  the  right  and  left  Icwer  arms  were  to  be  connected  by  a 
joint.  This  would  result  in  a  closed  loop  composed  (in  the  15  segment 
body)  of  the  upper  torso,  left  upper  arm,  left  lower  arm,  right  lowei 
arm  and  right  upper  arm. 

The  body  segments  and  joints  are  assigned  identification  numbers,  i  -  1 
to  NSEG  for  the  segments  and  j  =  1  to  NJNT  for  the  joints.  The 
assignment  of  the  identification  numbers  is  somewhat  but  not  completely 
arbitrary.  They  are  used  along  with  the  one-dimensional  array,  JNT(j) 
for  j  -  1  to  NJNT,  to  define  the  connectivity  of  the  segments  by  the 
joints.  First,  a  base  or  reference  segment  is  chosen  as  segment  number 
1.  Although  the  reference  segment  may  be  any  of  the  segments,  it  has 
been  found  that  for  the  15  segment  body  model  the  lower  torso  (LT)  is 
the  best  choice  for  the  reference  segment.  When  the  ATB  Model  was  first 
developed,  the  head  (H)  was  chosen  as  the  reference  segment.  However, 
it  was  found  that  the  erratic  accelerations  of  the  head  caused  numerical 
problems  with  the  program  integrator  and  that  it  was  more  beneficial  to 
use  a  more  stable,  nonextremity  segment,  hence  the  choice  of  the  lower 
torso  as  the  reference  segment.  A  generalization  of  this  result  is  the 
recommendation  that,  regardless  of  the  body  model,  the  reference  segment 
be  chosen  to  be  one  that  undergoes  the  least  accelerations  of  any  of  the 
segments  and/or  is  the  heaviest  segment. 

Once  the  lower  torso  is  selected  as  the  reference  segment  and  designated 
as  segment  number  1  the  first  joint  must  then  be  selected  and  numuered 
as  joint  no.  1.  There  are  three  segments,  the  center  torso  (CT),  the 
left  upper  leg  (LUL)  and  the  right  upper  leg  (RUL) ,  that  must  be 
connected  to  the  lower  torso  for  the  15  segment  body.  Any  one  of  the 
three  joints  that  connect  the  above  segments  to  the  center  segments  can 
be  assigned  as  joint  number  1.  Normally  the  joint  connecting  lower  and 
center  torsos  is  chosen  as  joint  number  1.  The  requirement  for 
sequential  numbering  of  the  segments  results  in  the  center  torso  being 
designated  as  segment  number  2.  The  general  logic  behind  this  numberirig 
scheme  is  the  relationship  JNT(j)  =  i,  where  " j "  is  the  joint  number, 

"i"  is  the  segment  number  that  is  to  be  joined  together  with  segment 
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number  j  +  1.  JNT(j)  is  an  array  within  the  ATB  program  that  stores  the 
segment  number  of  the  proximal  segment  for  the  jth  joint.  In  the 
context  of  the  ATB  Model,  a  proximal  segment  is  the  segment  at  s  joint 
that  is  nearest  to  the  reference  segment  whereas  a  distal  segment  is  the 
segment  further  from  the  reference  segment. 

Successivo  segment  and  joint  identification  numbers  are  assigned  with 
tlie  provision  that  each  new  segment  assigned  be  connected  to  a 
previously  assigned  segment  (the  corresponding  restriction  withiri  the 
program  is  that  the  value  of  JNT(j)  must  be  less  then  or  equal  to  j). 
Cciitinuing  this  {process  produces  the  identification  and  connectivity 
assignments  of  Table  1  as  one  possible  arrangement.  It  is  obvious  thai 
this  arrangement  is  not  unic^ue. 

Tht  logic  of  connecting  segment  j  +  1  to  segment  JNT(j)  =  i  prevents  the 
construction  of  closea  chains  via  the  joints.  The  restriction, 

JNT(j)';i  J,  allows  for  the  possibility  of  specifying  JMT(j)  =  0.  The 
ATB  program  utilizes  this  concept  to  signify  that  joint  No.  j  will  be  a 
nulJ  joint  and  that  segment  No.  j+1  will  be  the  refererxe  or  base 
segment  of  another  body.  This  permits  the  specification  of  multiple 
bodies  ttiat  remaiii  dit-eoruiect  ed  or  free. 
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i 

Segment  Name  S) 

r  m  b  o  1 

1 

Joint  Name  Symbol 

JNT(: 

j)  Connects 

1 

Lower  Torso 

LT 

1 

Pel  vis 

P 

1 

LT 

CT 

2 

Center  Torso 

CT 

2 

Waist 

W 

2 

CT 

- 

UT 

3 

Upper  Torso 

UT 

3 

Neck  Pivot 

NP 

3 

UT 

- 

N 

A 

Neck 

N 

A 

Head  Pivot 

HP 

A 

N 

- 

H 

5 

Head 

H 

5 

Right  Hip 

RH 

1 

LT 

- 

RUL 

b 

Right  Upper  Leg 

RUL 

6 

Right  Knee 

RK 

6 

RUL 

- 

RLL 

7 

Right  Lower  Leg 

RLL 

7 

Right  Ankle 

RA 

7 

RLL 

- 

RF 

b 

Right  Foot 

RF 

8 

Left  Hip 

Lh 

1 

LT 

- 

LUL 

9 

Lett  Upper  Leg 

LUL 

9 

Left  Knee 

LK 

9 

LUL 

- 

LLL 

10 

Left  Lower  Leg 

LLL 

10 

Left  Ankle 

LA 

10 

LLL 

- 

LF 

11 

Left  Foot 

LF 

11 

Right  Shoulder 

RS 

3 

UT 

- 

RUA 

1  2 

Right  Upper  Arm 

RUA 

12 

Right  Elbow 

RE 

12 

RUA 

- 

RLA 

13 

Right  Lower  Arm 

RLA 

13 

Left  Shoulder 

LS 

3 

UT 

- 

LUA 

1  A 

Left  Upper  Arm 

LUA 

14 

Left  Elbow 

LE 

1  A 

LUA 

- 

LLA 

15 

Left  Lower  Arm 

LLA 
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2.2  REFERENCE  COORDINATE  SYSTEMS 


The  ATB  model  utilizes  many  reference  coordinate  systems  with  respect  tu 
which  points  in  space  and  directions  are  calculated  within  the  program. 
Considerable  flexibility  in  the  choice  of  coordinate  systems  and  their 
specification  for  both  input  and  output  are  available.  The  primary 
coordinate  systems  used  in  the  model  are  the  inertial,  vehicle,  local 
body  segment,  principal,  joint  and  contact  ellipsoid  reference 
coordinate  systems.  The  specification  of  each  reference  coordinate 
system  requires  an  origin  and  a  direction  cosine  matrix  (usually 
initially  specified  by  three  rotation  angles,  yaw,  pitch  and  roll)  which 
relates  one  reference  coordinate  system  with  respect  to  another.  All 
coordinate  systems  discussed  in  this  section  are  orthonormal. 

2,2.1  Inertial  Reference  Coordinate  System 

The  ATB  model  assumes  that  the  coordinates  of  the  origin  of  the  inertial 
reference  coordinate  are  zero  and  all  other  coordinate  systems  are 
specified  with  respect  to  this  system.  The  user  may  equate  the  origin 
of  the  inertial  reference  coordinate  system  to  any  convenient  point  from 
which  his  data  are  referenced.  The  frame  of  reference  is  arbitrary  and 
is  partially  specified  by  defining  which  way  is  dcwn  by  the  values 
supplied  for  the  components  of  the  gravity  vector.  It  has  been 
customary  to  supply  (zero,  zero,  g)  as  the  ccmponents  of  the  gravity 
vector  to  specify  that  the  positive  Z  axis  is  pointing  downward.  Hence, 
in  terms  of  a  standing  man,  the  force  of  gravity  would  be  pointing  in 
the  direction  from  his  bead  to  his  feet.  The  forward  direction 
(pointing  frcmi  the  back  of  the  standing  man  to  his  chest)  is  taken  as 
the  positive  X  axis  and  (by  the  right  hand  rule)  the  positive  Y  axis  is 
ir.  the  lateral  direction  (pointing  from  the  standing  man's  left  side  to 
nis  right  side).  However,  the  user  may  specify  any  frame  of  reference 
that  suits  his  application,  one  with  which  he  is  more  familiar,  or  in 
which  his  input  data  has  been  measured. 

It  it  scanetimes  necessary  that  contact  surfaces  (planes  or  ellipsoids) 
be  located  with  respect  to  the  inertial  reference  coordinate  system. 
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e.g. ,  the  ground  for  pedestrian  simulations.  Since  the  program  assumes 
that  contact  surfaces  are  associated  with  segments,  a  special  segment 
identification  number  (NGRND)  is  used  within  the  program  for  this 
purpose.  NRGND  is  the  largest  segment  number  used  by  the  program  and  is 
assigned  the  value  NGRND  =  NSEG  Number  of  air  BAGs  (NBAG)  +  number  of 
vehicles  +  1  and  essentially  corresponds  to  the  inertial  coordinate 
system.  The  linear  position  and  velocity  for  this  artificial  segment 
are  set  to  zero  and  its  direction  cosine  matrix  to  the  identity  matrix 
throughout  the  duration  of  the  program.  This  permits  the  use  of  segment 
NGRND  for  the  attachment  of  contact  surfaces. 

2.2.2  Vehicle  Reference  Coordinate-  Systems 

Up  to  six  vehicles  with  specified  motion  can  be  defined.  Thi  primaiy 
vehicle  is  the  last  vehicle  defined  and  is  different  from  the  other 
vehicles  in  that  it  serves  as  the  default  reference  coordinate  system 
for  several  types  of  input  and  output.  Most  of  the  contact  panels  are 
usually  defined  with  respect  to  this  system  and  much  of  the  output 
(printer  plots  and  tabular  time  histories)  can  be  produced  witii  respect 
to  this  system  to  correspond  with  photographs  and  drawings  with  respect 
to  the  vehicle.  The  origin  of  each  of  the  vehicle  coordinate  systems  is 
arbitrary,  and  any  convenient  reference  point  may  be  chosen  for  which 
input  and  output  data  would  be  most  meaningful.  The  locations  of  the 
vehicle  origins  with  respect  to  the  inertial  reference  coordinate  system 
origin  are  specified  by  XO.  Again,  the  frames  of  reference  (the 
directions  of  the  positive  X.  Y-And  Z  axes)  are  arbitrary  and  should  be 
chosen  to  accommodate  available  input  data.  The  initial  velocities  and 
direction  cosine  matrices  are  determined  from  the  options  available  to 
specify  vehicle  motion. 

A  special  segment  identification  number  is  assigned  for  each  of  the 
vehicles  where  NVJSHl  =  NSBG  +  1,  NVEH2  =  NS0G  +  2,  etc.  so  that  each 
vehicle  may  be  treated  like  other  segments  for  segment  assignments  for 
contact  surface  specifications.  However,  no  matter  how  large  the 
computed  contact  forces  and  torques  are  on  these  vehicle  segments,  the 
prescribed  motion  of  the  vehicle  segment  will  not  change. 
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Kach  body  aegment  haa  a  local  reference  coordinate  system  which  is 
sometimes  referred  to  as  the  segment  geometric  coordinate  system.  Eacli 
body  segment  has  a  mass  and  principal  moments  of  inertia.  The  local 
reference  coordinate  system  has  its  origin  at  the  segment  mass  center, 
the  principal  moments  of  inertia  are  with  respect  to  this  origin  and  the 
principal  axes  for  the  principal  moments  are  specified  with  respect  to 
the  local  reference  ^stem.  The  (hyper) ellipsoidal  contact  surface 
origin  and  orientation  is  also  specified  with  respect  to  the  local 
reference  system.  There  is  no  direct  association  within  the  ATB  model 
of  the  segment  inertial  properties  and  the  (hyper) ellipsoidal  contact 
surface  that  can  be  associated  with  the  segment.  Unlike  the  vehicle 
segments,  a  body  segment  can  have  up  to  six  degrees-of-f reedcm  and  its 
kinematics  are  computed  based  on  the  dynamic  interactions  the  body 
segment  experiences  during  a  simulation.  A  body  segment  can  be  given  an 
initial  position,  orientation,  and  linear  and  angular  velocity  and  its 
motion  is  then  computed  for  the  remainder  of  the  simulation  subject  to 
any  imposed  constraints  (e.g.  number  end  type  of  joint)  and  applied 
forces.  The  motion  of  the  body  segments  can  not  be  specified  unless  the 
body  segment  is  also  defined  as  a  vehicle. 

To  provide  s  means  for  the  body  segments  to  interact  with  the 
environment,  one  or  more  contact  (hyper) ellipsoids  can  be  attached  to 
each  body  segment.  These  contact  (hyper) ellipsoids  are  what  the  user 
sees  in  the  various  graphics  of  the  ATB  model  and  generally  correspond 
closely  to  the  physical  dimensions  of  the  actual  object  that  is  to  be 
modeled  by  the  body  segment.  The  contact  (hyper) ellipsoids  have  no  mass 
or  moments  of  inertia,  they  are  solely  for  the  purpose  of  providing  the 
body  segments  with  a  means  of  interacting  with  surrounding  environment. 
Contact  planes  can  also  be  attached  to  the  body  segments  to  provide 
another  way  for  the  body  segment  to  interact  with  the  environment. 

While  the  orientation  of  the  segment  local  reference  coordinate  systems 
can  be  arbitrarily  defined,  the  standard  convention  has  been  to  choose 
the  axis  so  that  when  the  body  is  in  an  upright  standing  position  with 


arms  at  the  side,  the  Z  axis  is  downward,  the  X  axis  to  the  front  and 
the  Y  axis  is  to  the  body's  right. 

2.2 .4  _ Body  Segment  Principal  Coordinate-  Systems 

The  dynamic  equations  in  the  ATB  model  are  solved  in  terms  of  principal 
axes.  All  three-dimensional  bodies  have  an  inertia  tensor.  Six  of  the 
nine  inertia  tensor  elements  are  independent,  therefore  it  is  a  second 
order,  symmetric  tensor.  Any  body  has  three  principal  directions  for 
which  there  are  three  moments  of  inertia,  corresponding  to  the  diagonal 
elements  of  an  inertia  tensor  when  all  the  off-diagonal  terms  are  equal 
to  zero.  The  segment  principal  coordinate  system  axes  correspond  to  the 
three  principal  directions,  therefore  only  the  three  principal  moments 
of  inertia  must  be  specified. 

The  principal  axes  are  fixed  with  respect  to  the  segment  local  reference 
axis  and  their  orientation  must  be  specified  only  once.  All  other  model 
input  and  output  referring  to  the  segments  is  in  terms  of  the  body 
segment  local  reference  coordinate  system.  After  input,  the  ATB  model 
converts  all  data  points  expressed  in  the  local  segment  reference 
coordinate  system  to  principal  coordinates  and,  prior  to  output,  back  to 
the  local  segment  reference  coordinate  system  in  a  manner  that  is 
transparent  to  the  user.  Therefore,  when  the  input  description  (Section 
4.0)  refers  to  local  body  segment  reference,  the  local  and  not  the 
principal  moment  of  inertia  reference  coordinate  system  is  implied. 

Note  that  for  some  cases  where  the  principal  axes  are  aligned  with  tht^ 
local  reference  axes  the  two  are  coincident. 

2.2.5  Joint  Ref erence  Coordinate- Systems 

Because  of  the  mathematical  formulations  used  by  the  joint  force  and 
torque  computation  subroutines  within  the  program,  it  is  necessary  to 
define  two  coordinate  systems  for  each  joint,  one  rigidly  attached  to 
each  of  the  body  segments  that  are  connected  by  the  joint.  As  described 
above,  these  two  body  segments  are  identified  as  segments  Nos.  JNT(j) 

and  j+1  for  joint  No.  j.  SR,  the  origin  of  each  joint  reference 

12 


coorOii'dt  e  system  (ct  i  U.cdtiori  ol  the  joint)  i-s  i.^eoilieu  in  th(. 
body  segment  local  refeience  coordinate  systems  tor  boll  segmerit  Nos. 
JtiT(j)  and  j+1.  lie  orientaticns  of  the  joir';r  axis  systems  are 
specified  by  rotation  anglts  (yaw,  pitci.  atid  roil)  from  the  local  frame 
of  reference  for  loti,  of  ti.tse  segments  as  YPK'l  arid  YIR?. 

Joint  forcto  arid  tcryues  are  competed  by  the  ATB  j-ic-gram  as  a  function 
of  the  relative  orientation  of  the  twe  coordir.ate  systeme  at  the  joint. 
The  joint  cooioiinate  system  associated  with  the  JNT(j)  segment  is  used 
as  the  base  leter  ence  systeu.  for  dett'in.ining  i  he  joint  parao'eteis.  For 
pi.n  ]citits  the  Y-axis  is  tliC  axis  of  rotation.  Foj  ball  and  socket 
jointt.,  free  joints  and  joints  using  tlic  joint  ftiictior,  flexure  or 
ttieta  is  tin  otoJo  t.orvrc-o-n  the  tv.'o  I'- axes  whilf  asiaiUf  t'r  phi  is  t  le 
angle  betweeti  ttie  t'a.'t  X-axis  anu  t  i.e  projection  of  the  j-ri  Z-axis  info 
the  X-Y  base  plane,  cind  twist  is  rot;atior.  about  the  base  Z-ax-is.  For 
Euler  j ednts  precession,  nutatjon  and  spin  are  defined  as  the  rotations 
from  the  base  joint  coerrd ir.ate  system  to  the  j +1  joint  coordinate 
sytuem.  For  slip  ^oints.  the  linear  motion  i .0  al  '"be  Icrc  Z-axit. 
Fuitlut  Co.- c  L  ipt  ions  cf  the  joint  types  and  tiitir  axes  systems  can  be 
found  i.n  V'clume  1  of  Rcfeieict  rtciioi'  2  of  Reference  2  and  Sect  i  (.>r  6 

01  Vf'luD  e  1  of  this  rept  t  . 

_  CouUa  t  (by  per)  Fll  ip-soiJ  Ueterence  Cocauinate  i^'Stems 

The  ATE  model  has  an  option  to  attrclj  contact  (hyper)  ellipsoids  to  the 
body  segments,  vehicle  segments  or  to  the  ground  (inertial)  segment. 
T'r.ese  contact  (hyper)  til  ipsoi  ds  are  for  contact  purposes  only.  They 
liave  no  mass  or  moments  of  inertia  and  hence  no  dynamic  response.  They 
are  rigidly  attached  to  a  segment  at  a  point  and  with  an  oiiei.tuticn 
specified  with  respect  tC'  the  segment's  local  reference  coordinate 
systeo  .  The  contact  (hyper)  el  1  i  psoi  d  coordirate  system  is  formed  by  tire 
t  t  rc-e  crt.hogonal  semi-axes  of  the  ( hy  pe  r)  el  1  ipsoi  J ,  with  the  coordinate 
tyster''-  (tigi.n  at  tiie  geometric  (.ei.tei  of  the  (hyper )  el  1  i  pisoid. 

The  cGi!tai-t  ( hy  ]( s  i )  ell  ipsoiu  is  att.uT.od  to  a  c.egn.ent  by  specifying  ari 
C'fftet  vector  wi  iil.  origitiatts  at  the  origin  of  the  atgrenr't  local 


rtference  coordinate  aysteni  and  ends  at  the  point  in  the  local 
ccorcinate  system  where  the  center  of  the  contact  (hyper) ellips uici  is  to 
be  attached.  The  orientation  of  the  contact  (hyper)ellipsoic;  is 
specified  by  rotation  angles  with  respect  to  the  local  reference  systeoi. 
If  no  rotation  angles  are  specified  for  the  contact  (hyper) ell i [ roi u, 
the  X.  Y  and  Z  semi-axes  of  the  contact  (hyper)ellipsoid  are  assumed  to 
cvjincide  with  the  X.  Y  and  Z  axes  of  the  local  reference  system  of  tlie 
segment  to  which  the  contact  (hyper) ell ipsoid  is  attached. 

Contact  hypertllipsoidt  can  be  used  for  hyperellipsoid/hyperellipsoid 
contacts  and  hyperellipsoid/plane  contacts,  but  only  simple  ellipsoids 
can  bo  used  for  bel t/el  1  ipscid  contacts,  harness  belt/ellipsoid  ccntcictt 
or  air  bag/ ell ipsoid  contacts  (where  the  air  bag  is  a  special  type  of 
contact  ellipsoid).  More  that  one  contact  (hyper) ell i psoi d  can  bo 
attached  to  one  local  (body,  vehicle  or  ground)  segment.  The  contact 
ellipsoids  originally  defined  with  the  segments  are  those  depicted  by 
the  VIEW  program.  Additional  contact  (hyper) el  1 ipsoi ds  specified  later 
i.i  ^he  input  can  not  be  drawn,  by  the  current  version  of  the  VJIK 
graphics  program  (Pef.  6). 

'L'he  only  input  data  specified  in  terms  of  the  contact  (by  per)  ell  ipsoid 
coordinate  system,  besides  the  (hyper)ellipsoid  semi-axes,  are  those  for 
the  simple  belt  and  harness  belt  algorithms.  The  belt  points  tiiat 
contact  the  surface  of  a  contact  ellipsoid  are  specified  in  terms  of  the 
contact  ellipsoid  coordinate  system.  This  is  a  physically  realistic 
situation  since  one  would  expect  both  the  simple  and  harnesf  belts  to 
lie  on  the  surface  of  a  body  segment,  which  is  nodeled  as  a  contact 
ellipsoid . 


2.2.7 _ Apjp]  it-d  Force  and  Torque  Coordinate  Systems 

The  ATB  model  has  the  capability  to  apply  time-dependent  forces  and 
torques  to  body  segments.  A  force/torque  coordinate  system  is  defined 
such  that  a  positive  force  is  applied  in  the  positive  X  direction  t.f  t  h< 
force/torque  coordinate  system  and  a  positive  torque  is  applied  abci,t 
the  positive  X  axis  of  the  force/torque  coordinate  system  using  the 
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ri^ht  hand  rule.  The  origin  and  orientation  (rotation)  of  the 
t orct/i urque  coordinate  syatems  are  specified  with  respect  to  the  lora] 
ntt-ence  coordinate  system  of  llit  segment  to  which  the  f orce/torqcc  it 
to  be  applied. 

2,3  DIMENSIONAL  UNITS  AND  GRAVITli' 

before  any  body  or  vehicle  data  can  be  considered  for  input  to  model, 
the  user  must  decide  which  units  of  measurement  are  to  be  used  for  the 
simulation  and  in  which  direction,  relative  to  the  inertial  system,  the 
gravity  field  is  to  point. 

1 _ Selecting  Dimensional  Units 

The  units  of  measurement  for  the  input  data  (i.e.  pounds/inches/seconds 
or  newt ons/meters/seconds)  must  be  chosen.  The  choice  is  arbitrary  and 
there  is  no  defavult,  but  once  the  selection  is  made,  all  input  data  must 
be  in  the  same  units.  Choosing  the  units  of  measurement  for  the  inj.ut 
data  also  automatically  specifies  the  units  for  the  output  data.  The 
units  of  measurement  are  selected  by  supplying  the  alphanumeric  names  of 
the  abbreviatioris  for  the  units  of  force  (UNITM) ,  distance  (UNITL)  and 
time  (UNITT).  These  input  parameters  are  used  to  annotate  the  ATB  model 
output,  including  the  listing  of  the  input  on  the  primary  output  file 
(FORTRAN  logical  unit  6). 

The  units  of  measurement  used  in  the  ATB  Input  Description  for 
illustrative  purposes  are  pounds,  inches  and  seconds.  These  unite  were 
selected  at  the  time  of  the  initial  development  of  the  model  when  most 
available  data  were  in  these  units.  These  particular  units  were 
selected  on  the  Lasis  of  convenience  only  and  should  net  be  considered 
as  the  standerrd  units.  Although  there  are  no  official  units,  the  format 
(field  width  and  number  of  digits  following  the  decimal)  fer  various 
output  items  were  established  on  the  basis  of  the  expected  magnitude  of 
output  for  a  simple  car  crash  type  simulation,  assuming  the  pound,  inch 
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and  second  measurement  system.  Hence  it  is  possible  that  a  different 
choice  of  units  may  result  in  output  that,  while  numerically  correct, 
may  not  have  the  desired  output  format. 

Note  that  mass  units  are  not  required  for  input  and  output  purposes, 
although  they  are  assumed  internally  by  the  program.  This  is 
accomplished  by  supplying  the  weight  of  the  body  segments  using  the 
force  units.  The  ATB  program  converts  these  input  values  to  mass  units 
by  dividing  these  force  units  by  the  value  of  the  acceleration  due  to 
gravity  which  must  be  provided  as  input.  Unfortunately,  an 
inconsistency  was  introduced  during  the  early  development  of  the  program 
for  the  input  units  required  for  the  principal  moments  of  inertia  (PHI). 
In  retrospect,  the  units  for  the  principal  moments  of  inertia  should 
have  been  weight  (force)  multiplied  by  distance  squared,  and  the  input 
values  converted  by  the  program  by  dividing  by  the  acceleration  due  to 
gravity,  as  is  done  for  the  segment  weights.  As  the  input  is  now 
established,  the  required  units  for  these  principal  moments  of  inertia 
are  weight  (force)  multiplied  by  distance  multiplied  by  time  squared, 
which  is  equivalent  to  mess  multiplied  by  distance  squared.  This 
inconsistency  has  never  been  removed  because  its  removal  would 
invalidate  many  already  established  input  files. 

^3^  2 _ Spe c ifying  Gray ity 

Once  the  units  of  measurement  have  been  selected,  the  user  must  next 
define  what  is  meant  by  the  inertial  coordinate  system.  As  discussed 
earlier  the  inertial  coordinate  system  is  the  coordinate  systan  to  which 
all  other  coordinate  systems  are  referred  and  it  is  within  this  system 
that  Newton’s  laws  hold.  The  inertial  coordinate  system  of  the  model  is 
assumed  to  be  at  rest,  but  is  designated  as  a  segment  called  the  ground 
segment  with  its  segment  number  given  by  NGRND.  Defining  the  inertial 
coordinate  system  means  specifying  which  direction,  with  respect  to  the 
inertial  coordinate  system,  is  considered  to  be  "up"  and  which  direct  ion 
is  considered  to  be  "down". 
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Most  whole  body  simulations  have  had  "down”,  meaning  the  direction  an 
object  would  travel  if  subjected  to  gravity  alone,  aligned  with  the 
positive  Z  axis.  This  would  be  specified  in  a  simulation  as  defining 
the  gravity  vector  GRAVTY,  as  (0,  0,  g)  where  g  corresponds  to  the 
standard  coefficient  of  gravity  at  the  surface  of  the  earth. 

The  gravity  field  defined  by  GRAVTY  is  assumed  to  be  constant  throughout 
space  and  time  in  the  ATB  model  and  is  applied  to  all  segments  that  are 
given  a  nonzero  weight.  The  magnitude  of  the  vector  GRAVTY  is  used  tc 
compute  the  masses  of  the  segments  from  their  supplied  weights.  If  the 
user  wants  to  simulate  the  motion  of  an  object  in  a  zero  gravity  field, 
such  as  a  spacecraft  in  deep  space,  the  gravity  vector  would  be  supplied 
as  GRAVTY  (0,  0.  0).  The  magnitude  of  this  vector  is  obviously  zero  so 
computation  of  the  masses  of  the  segments  from  their  weights  would  not 
be  possible  using  the  magnitude  of  GRAVTY.  To  circumvent  this  problem, 
the  user  has  the  option  of  supplying  G.  G  represents  a  factor  by  which 
the  weights  of  the  segments  will  be  divided  to  yield  a  mass.  If  G  is 
supplied  as  nonzero,  the  ATB  program  will  use  the  value  of  G  rather  than 
the  magnitude  of  GRAVTY  to  compute  the  masses  of  the  segments.  G  must 
be  nonzero  when  GRAVTY  (0,0,0)  is  used.  For  the  case  when  the  magnitude 
of  GRAVTY  is  nonzero  and  G  is  also  nonzero,  the  program  will  apply  the 
vector  GRAVTY  to  all  segments  with  a  nonzero  mass  but  the  weights  of  the 
segments  will  be  converted  to  mass  by  dividing  by  G. 

l.h  INITIAL  POSITIONING  OF  THE  ATB  SEGMENTS 

In  addition  to  the  specification  of  the  inertial  properties  and  coupling 
scheme  of  the  segments,  the  initial  position  and  velocity  of  the  body 
segments  must  be  provided.  The  ATB  program  requires  the  initial 
position  of  the  c.g.  of  the  base  or  reference  segments  in  the  inertial 
teference  coordinate  system  and  the  initial  orientation  of  each  local 
body  segment  to  be  specified.  For  the  total  body  free  in  space  this 
process  can  be  relatively  straight  forward,  however,  when  body 
interactions  with  the  surrounding  environment  (for  example,  seat  and 
floorboard  contracts)  have  to  be  taken  into  account  the  process  can 
become  fairly  involved.  The  reason  for  this  is  that  the  body  must 
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initially  be  in  static  equilibrium  and  this  equilibrium  depends  on  the 
bcilanciiig  of  gravitational  forces  by  contact  forces.  The  latter  are 
highly  position  dependent  and  must  be  properly  chosen  to  avoid  large 
initial  segment  accelerations.  lV»o  general  methods  can  be  used  to 
achieve  initial  equilibrium.  The  first  is  an  iterative  adjustmer^t 
pi ocess  and  the  second  uses  an  internal  equilibrium  routine. 

A.  1 _ Iterative  Positioning  Method 

The  iterative  method  requires  initial  prescription  of  the  initial 
position  and  then  the  execution  of  a  simulation  to  zero  time.  This  can 
be  done  by  setting  NSTEPS  to  zero,  and  by  supplying  a  nonzero  value  for 
NPRT(3).  A  tabular  printout  of  all  of  the  external  forces  and  torques 
and  resulting  linear  and  angular  positions  and  accelerations  is  piodcctd 
for  time  zero.  Then  the  user  adjusts  the  positions  based  on  the  initial 
angtdar  and  linear  accelerations  and  the  contact  forces.  This  procedure 
usually  requires  several  iterations  to  insure  that  the  body  is  in  static 
equilibrium  with  its  environment  which  is  determined  by  the  absence  of 
large  accelerations  for  any  of  the  body  segments.  Perfect  equil  ibriuiit 
IS  generally  not  attainable  for  the  seated  or  standing  position, 
however,  small  initial  accelerations  are  tolerable,  especially  if  they 
ate  much  smaller  than  the  accelerations  induced  by  the  dynamic 
environmental  conditions  under  study. 

A^  2 _ The  Fquilibrium  Routine 

Ari  equilibrium  option  has  been  incorporated  into  the  ATB  program  to 
assist  the  user  in  achieving  this  initial  equilibrium  of  the  body 
segments.  It  has  been  designed  in  a  general  manner  to  solve  any 
equilibrium  problem,  but  can  be  exceedingly  complex  to  use.  The  input 
description  (Section  4.0)  describes  a  procedure  designed  at  Calspan  that 
produces  equilibrium  (zero  accelerations  on  all  body  segments)  for  i 
typical  seated  occupant  configuration.  It  utilizes  an  automatic 
multiple  iteration  procedure  that  simulates  the  adjustments  a  body  makes 
to  comfortably  seat  itself  inside  er.  automobile  seat  configuration.  jt 
ifc  suspected  that  the  resulting  configuration  is  unique  for  the  set  ol 
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specitied  contact  forcee  desired.  To  adapt  this  procedure  to  other 
configurations,  it  is  necessary  that  the  body  segments  not  be  over  vt 
under  constrained  as  determined  by  the  contacts  allowed,  locked  joints 
and  the  imposition  of  rolling  and  sliding  constraints.  Supplying  tht 
proper  input  for  the  general  case  is  not  a  simple  matter,  but  following 
the  instructions  described  in  the  input  description  should  greatly 
assist  the  initial  positioning  of  a  seated  occupant  in  a  standard 
automobile  or  ejection  seat  configuration. 

2.5  TIME  AND  OUTPUT  CONTROL  OF  THE  ATB  PROGRAMS 


Time  control  parameters  must  be  specified  for  each  simulation.  These 
parameters  control  the  length  (simulation  time)  of  the  run,  the  amount 
and  format  of  the  output,  the  tabular  time  histories,  and  operation  of 
the  program  integrator.  Although  the  program  places  no  restrictions  on 
these  input  parameters,  a  judicious  choice  of  the  parameters  can  improve 
calculationai  efficiency  and  numerical  stability. 

The  primary  control  of  time  is  performed  by  the  Main  Program  of  the  ATB 
program.  Here,  after  all  input  and  initialization  is  performed,  time  is 
advanced  in  steps  of  DT  seconds  by  calling  the  program  integrator. 

After  each  DT  time  step,  control  is  returned  to  the  main  program  when 
the  print  indicators  NPRT(l)  thru  NPRT(7)  are  tested  to  perform  optional 
outputs.  This  is  done  for  time  zero  and  at  each  integral  (one  thru 
NSTEPS)  multiple  of  DT  seconds  of  simulation  time.  The  total  simulation 
time  is  therefore  NSTEPS*DT  seconds  where  NSTEPS  and  DT  ere  input 
parameters.  The  values  of  NSTEPS  and  DT  should  therefore  be  chosen  so 
as  to  provide  the  desired  length  of  the  simulation  and  amount  and 
frequency  of  output  data. 

A  secondary  control  of  time  is  performed  by  the  program  integrator, 
subroutine  DINT.  This  is  controlled  by  the  supplied  values  for  HO,  HMIN 
and  HMAX.  The  integrator  advances  time  in  substeps  of  H  seconds 
starting  with  HO  and  varying  between  HMIN  and  HMAX.  H  is  halved  when 
convergence  of  the  integrator  parameters  is  not  achieved,  but  H  is  not 
permitted  to  become  less  than  HMIN.  If  convergence  is  not  attained  with 
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a  HMIN  time  step  the  siiiiulation  stops.  If  the  convergence  criteria  arc 
satisfieci  for  several  integration  steps,  H  is  increased  by  2.  This  car, 
continue  until  the  integration  step  reaches  HMAX.  Although  not 
absolutely  required,  it  is  best  that  DT  be  chosen  an  integer  multiple  of 
HMAX  so  that  the  DT  time  step  will  be  executed  in  equal  HMAX  substeps 
during  periods  of  stable  activity.  Also,  since  the  value  of  H  is 
permitted  to  double  during  these  stable  periods  or  be  halved  during 
unstable  periods,  the  integrator  will  execute  more  efficiently  if  HMAX 
lb  a  power  of  two  multiple  of  HMIN  and  HO. 

It  has  been  observed  that  suitable  values  for  HMAX  lie  between  one  and 
five  msec  for  most  occupant  and  pedestrian  simulations.  Generally, 
values  for  DT  of  0.002,  0.004,  0.010  or  0.020;  HMAX  of  0.001  or  0.002; 
and  HMIN  and  HO  of  0.000125  or  0.000250  seconds  work  satisfactorily.  It 
is  possible  to  execute  the  integrator  in  a  "fixed  step  mode"  by  settit g 
HMAX  =  HMIN  =  HO,  but  this  is  not  recommended. 

One  other  input  parameter  is  worth  mentioning  here,  namely  NDIN'J'.  The 
integrator  basically  performs  NDINT  iterations  of  functional  evaluations 
at  both  the  midpoint  (TIME  +  H/2)  and  endpoint  (TIME  +  H)  of  the  curient 
time  substep  with  convergence  being  tested  after  each  endpoint 
evaluation.  Although  some  writers  have  suggested  that  only  one  is 
necessary  for  the  value  of  NDINT,  it  has  been  observed  that  an  even 
number  works  better  (because  of  the  behavior  of  the  integrator)  and  that 
extra  evaluations,  in  an  attempt  to  achieve  convergence,  are  less  costly 
than  pem.itting  the  integrator  to  halve  the  time  step.  Therefore,  a 
value  of  A  or  6  for  NDINT  is  recommended. 
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3-0  ORGANIZATION  OF  ATB  INPUT  DATA 


The  input  for  the  ATB  program  is  contained  in  a  single  primary  input 
file  (FORTRAN  Unit  No  5).  It  is  a  formatted  file,  structured  in  a  fixed 
80  column  card  format  of  alphanumeric  data  input.  Each  record  of  the 
file  therefore  corresponds  to  the  contents  of  an  input  card  that  has  a 
unique  identification  (e.g.  input  Card  A.l.a).  This  produces  a  modular 
form  for  the  contents  of  en  input  file  for  the  ATB  program.  For 
example,  the  A  input  cards  contain  the  general  run  parameters,  the  R 
input  cards  contain  the  inertial  and  geometric  paramet<;r6  that  define 
the  segments  and  joints  of  the  body,  the  C  cards  contain  the  parameters 
that  define  the  vehicle  motion,  etc.  Since  most  computer  systems  permit 
the  concatenation  of  files,  the  input  file  for  the  ATB  program  could 
possibly  consist  of  several  previously  co’"_  '"ucted  files  that  are 
concatenated  in  the  proper  sequence  at  exu  ution  time.  The  modularity 
of  the  input  makes  it  possible  for  complete  sets  to  be  replaced  by 
existing  sets  that  have  been  previously  used. 

The  ATB  program  has  innumerable  options  available  to  the  user,  and  each 
characteristic  generally  consists  of  a  predeiined  number  of  parameters. 
For  example,  the  crash  victim  body  consists  of  a  variable  number  of 
segments  and  joints  specified  by  NSEXI  and  NJNT  supplied  on  input  Card 
B.l  that,  in  turn,  control  the  number  of  B  cards  to  follow.  Therefore, 
the  structure  of  any  ATB  programi  input  file  or  deck  is  variable  and  is 
completely  specified  by  previously  supplied  parameters.  Some  input 
cards  are  always  required,  others  are  needed  only  for  previously 
specified  parameters,  and,  in  most  cases,  the  number  of  cards  within  any 
given  set  is  deterniined  by  a  previously  defined  parameter.  Because  of 
this  variable  structure  for  the  input  deck,  a  fixed  format  for  the 
program  input  that  is  common  for  niany  computer  programs  was  not  used. 

In  fact,  ATB  program  input  decks  may  be  as  small  er  15  or  20  cards  and 
as  large  as  700  or  890  cards. 

During  the  input  portion  of  the  ATB  program,  considerable  program 
initialization  is  performed  that,  ir  some  cases,  manges  the  actual 


supplied  input  (t.g. ,  degrees  are  converted  to  radians)  and  a  cooipletely 
annotated  listing  of  the  program  input  is  produced  on  the  primary  output 
unit  (FORTRAN  unit  No.  6).  It  is  suggested  that,  as  one  first  attempts 
to  read  the  input  description  for  the  ATB  program  (Section  4.0),  they 
have  one  of  the  primary  output  listings  available  to  assist  in  the 
initial  understanding  of  the  many  program  features  that  ere  available 
and  the  manner  by  which  they  are  controlled  within  the  prograoi. 

Following  is  a  summary  of  all  of  the  input  cards.  A  complete 
description,  giving  the  format  for  each  card,  the  conditions  that 
specify  its  necessity,  the  input  parameters  to  be  supplied  on  each  card 
and  a  definition  of  each  of  these  parameters,  is  presented  in  StctiiT 

4.0. 


A.  Run  control  parameters 


A.  2 

A.  3 
A.  4 
A.  5 


Date,  restart  control,  run  description 
Variable  changes  for  restart  procedure 
Dimensional  unite,  components  of  gravity 
Integrator  parameters 
NPRT  array  for  output  control 


B.  Physical  characteristics  of  the  body 


B.l 

B.2.a-b 

B.3.a-b 


B.4 

B.5 

B.6 


Body  title.  No.  of  segments  end  joints 
Physical  characteristics  of  body  segments 
Physics]  characteristics  of  joints 
Joint  spring  function  coefficients 
Joint  viscous  function  coefficients 
Integrator  convergence  tests  for  body  segments 
Controls  for  flexible  elements 


C.  Prescribed  segment  (vehicle)  motion 

C.l  Vehicle  motion  title 

C.2.a-b  Prescribed  motion  control  parameters 
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C.3  Unidirectional  deceleration  tables 

C. 4  Six  degree  of  freedom  deceleration  tables 

C.5  Spline  fit  tables 

D.  Contact  surface  and  other  environment  definitions 


D.l 


D. 2. a-d 
D.3.P-C 
D.4. a-h 


D.5 


D.6 


D.7 


D.8 


D.9 


Number  of  contact  panels,  belts,  airbags,  etc. 
Plane  description  and  input  deta 
Simple  belt  description  and  input  data 
Airbag  description  and  input  data 
Additional  (hyper) ellipsoid  contact  surface 
input  data 

Constraint  and  tension  element  input  data 
Body  segment  symmetry  options 
Spring  damper  input  data 
Applied  force/torque  function  input  data 


E.  Ficnction  definitions 


E.l 


K.2 


f;.3 

E. 4. a-b 


E.5 


E.6. a-d 
E. 7. a-d 


Function  identification  number  and  title 
Function  definition  control  parameters 
5th  degree  polynomial  coefficients 
Tabular  function  definition 
(No  longer  required  by  prograni) 

Wind  force  functions  input  data 
Joint  force  functions  input  date 


F.  /J  lowed  contacts  and  associated  functiui  L 


F.l.a-b 
F. 2. a-b 
F.3,8-b 
F.  4. a-b 


F.5.a 


Menu  for  plane-segment  contact  functions 
Menu  for  belt-segment  conttct  functions 
Menu  for  segment- segment  ccntuct  functions 
Specifications  for  global  graphic  joint  functions 
Speci fications  for  joint  forces  option 
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F.6  Mlcntea  c*i rlag-segment  contact  uef  inir  I  (.'t.-- 

F. 7.a-b  Wind  force  functions  specif icati ons 

F.  8.a-d  Harness-belt  systeiDt  input  data 

G.  Initial  positioning  input 

G. l.a-b  Printer  plots  control  paraneterc 

G.2  Initial  position  and  velocity  for  reference 

segments 

G.3.a-b  Tritisl  segment  angular  orientation  en(!  vtlocity 
input  data 

G.4  Equilibrii'iL  control  parameters 

G.5  Equilibrium  control  assignments 

G. 6  Equilibrium  conr.trtint  assignments 

H.  Tabular  time  history  output  control  parameieit 

H, l.a-b  Linear  accelerations  of  seiecttd  loints  cm 

segments 

H.2.a-b  Linear  velocities  of  selected  points  on  segments 

H.3.a-b  Linear  positions  of  selected  points  on  segmer.ti 

H.4  Angular  accelerations  of  selected  segments 

H.5  Angular  velocities  of  selected  segments 

H.6  Angular  orientations  of  selected  Jegmer.tj. 

H. 7  Joint  parameters  for  selected  joirtt 

H.8  Wind  forces  on  selected  cegments 

H.9  Joint  forces  and  torques  for  selected  joiiitt 

H. lO.a-b  Properties  of  selected  sets  of  segmentc. 

8.11  Parameters  for  HIC,  HSI  and  CSJ  computaiicit 

I.  Specifications  for  Celcomp  plots 

I. 1  No.  of  plots  and  Y  variables  per  plot 

1.2  X  and  Y  variables  to  be  plotted 

1.3  Parameters  for  horizontal  (X)  axis 

1.4  Parameters  for  vertical  (Y)  axis 
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4.0  IMPUT  DI8CBIPTI0M  FOR  TBE 
AAIIRL  ABTICnLATID  TOTAL  BOOT  MODEL 
ATB-IT.O 
JOLT  1088 

Tb«  lollowini  ia  an  input  daaoriptlon  for  tba  Artleulatad  Total 
Body  (ATB)  Modal.  Both  tba  input  daaoription  and  ATB  Modal  ara 
aval labia  froa  tha  Modal inf  A  Analyaia  Braaob,  Biodynaadoa  A 
Bioanginaaring  Oiviaion.  Araatrong  Aaroapaea  Madioal  Raaaareb 
Laboratory,  Vrigbt-Pattaraon  Air  Foroa  Baaa,  Dayton,  Ohio 
45433-6573,  [(513)  255-36051.  Tba  ATB  Modal  ia  tba  Air  Foroa 
aponaorad  anbancad  varaion  of  tba  Craab  Tiotis  Siaulator  (CVS) 
Modal  davalopad  by  Calapan  for  tba  Dapartaant  of 
Tranaportation.  All  raviaiona  and  anhanoaaanta  to  pravioua 
varaiona  of  tba  ATB  Modal  ara  danotad  by  tba  ayabola  balow. 

i.l  Syabol  Kay: 


A  lina  witb  any  of  tba  ayabola  ‘I*,  *#*,  ‘X*  or  *f‘  to  tba 
right  of  it  indicataa  that  a  cbanga  baa  baan  aada  to  tba  input 
daaoription  ainca  tba  varaion  daacribad  in  Calapan  Raport  lo. 
ZS-8861-V-3,  ‘Validation  of  tba  Craab  Victia  Siaulator',  Voluaa 
3,  Oaar'a  Manual,  Fabruary  1882. 

Tba  ayabol  ' I  *  indicataa  that  a  cbanga  baa  baan  aada  to  tba 
input  daaoription  to  corract,  clarify  or  iqpdata  tba  taxt  of  tba 
input  daaoription  or  to  aaka  tba  input  daaoription  aora 
conaiatant  with  tba  ATB  coda.  It  doaa  not  indioata  a  cbanga  to 
tba  actual  input  to  tha  ATB  Modal. 

Tba  ayabol  ‘f  indicataa  that  a  cbanga  baa  baan  aada  to  tha 
input  daaoription  for  an  already  axiating  card  in  aucb  a  aannar 
that  pravioua  input  daoka  ara  atill  aooaptabla  aa  proper  input 
for  tha  currant  varaion  of  tba  prograa  if  no  aodifioation  ia 
aada  to  tha  pravioua  input  deck.  Tba  ayabol  *#’  aaaantially 
indicataa  a  new  feature  or  option  of  tba  ATB  prograa  that  ia 
not  affected  by  pravioua  input  dacka  unlaaa  tba  input  nacaaaary 
to  activate  thaaa  faaturaa  la  included  in  tba  input  deck. 

Tha  ayabol  *X*  indicataa  that  a  card  baa  baan  addad  to  tba  ATB 
Modal  input  in  aucb  a  aannar  that  pravioua  input  daoka  ara 
atm  acceptable  aa  proper  input  for  tba  currant  varaion  of  tha 
prograa,  provided  that  a  blank  card  ia  inaartad  wbara  the  new 
card  ia  required. 
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The  syabol  ’i*  indlo«t«a  th«t  ohangaa  in  foraat  or  contani  aro 
roqulrod  to  pravio\ia  input  daeka  to  ba  aooaptabla  aa  propar 
input  for  tha  currant  varaion  of  tha  prograa. 

Tha  following  additional  apacial  ayabola  ara  uaad  throughout  I 
tha  raport:  I 


*•'  ia  uaad  to  indioata 
'<*  ia  uaad  to  indioata 
'  > '  ia  uaad  to  indioata 
* !  *  ia  iiaad  to  indioata 


‘not  aqual* . 

'laaa  than'. 

*  graatar  than ‘ . 
'abaoluta  valua*. 


i.2  Raviaiona  and  Updataa  I 

Thia  varaion  of  tha  ATB  Input  Daacription  haa  baan  raforaattad  I 
to  parait  individual  pagaa  to  ba  updatad  without  raquiring  that  ! 
tha  antira  input  daacription  ba  raprintad.  Tbarafora,  futura  I 
updataa  will  inoluda  only  thoaa  pagaa  affaotad  and  a  ooaplata  I 
naw  input  daacription  will  not  ba  printad.  Any  ohanga  ayabol  I 
on  pagaa  with  raviaion  nuabar  IV. 0  danota  ohangaa  to  tha  input  I 
daacription  froa  tha  Calapan  raport  aantionad  abova.  Putura  ! 
updataa  will  ba  daaignatad  with  a  raviaion  nuari>ar  on  tha  ! 
apacifio  paga  of  tha  ohanga.  Tha  firat  paga  of  tha  input  ! 
daacription  will  alao  ba  updatad  for  aaeh  raviaion  to  abow  tha  I 
currant  varaion  nuadkar  of  tha  input  daacription.  I 


i.3  Daacription  of  POSTRAI  FORMAT  Statasanta  Uaad 


At  tha  baginning  of  tha  daacription  of  aach  card  appaara  tha 
FORTRAI  FORMAT  atataaant  that  apacifiaa  tha  atruotura  of  tha 
input  iwaga  for  that  card.  Tha  only  foraat  oodaa  uaad  by  tha 
ATB  prograw  ara: 

nFw.d  (F  to  daaoriba  raal  data  fialda) 

nlw  (I  to  daacriba  intagar  data  fialda) 

nAw  (A  to  daaoriba  alphaninwrlo  data  fialda) 

wX  (X  to  indioata  a  fiald  to  ba  aklppad) 

whara:  n,  w  and  d  ara  unaignad  Intagar  oonatanta 

n  -  la  optional  and  ia  a  rapaat  oount  uaad  to  danota  tha 
nuabar  of  tiaaa  tha  foraat  ooda  ia  to  ba  uaad.  If  n 
ia  oalttad.  a  valua  of  ona  ia  aaauaad  and  tha  coda  ia 
uaad  only  onca. 

w  -  apacifiaa  tha  fiald  width  (nuiid>ar  of  coluana  on  tha 
card) . 
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d  -  noraally  aptciflaa  th«  nuab«r  of  doalMl  placoa  to 
tho  right  of  tho  dooiaol  point,  i.o.,  tho  fractional 
part  of  tho  nuHibor.  Hoaovor,  a  dooiaal  point  supplitd 
within  tho  fiold  will  ovorrida  tho  d  opocif ication. 

/  -  io  uflod  to  Indlcato  tho  ond  of  a  card  iaago  and  that 
tho  roaainlng  fioldo  aro  to  bo  ouppliod  on  a 
succoodlng  card. 

All  variable  naaoo  iiood  follow  tho  otandard  FOKTBAI  naalng 
convontion,  i.o.,  tboao  variabloo  whoro  tho  firot  latter  of 
their  naao  io  A-H  or  0-Z  aro  real  (acttially  double  pracloion  on 
IBM,  UMIVAC,  Data  Oonoral  and  P-B  coaputoro  and  olnglo  ' 

procioion  on  CDC  coaputoro)  and  thooo  with  I-l  ao  their  firot 
letter  aro  integer. 

All  real  data  have  a  Pw.O  foraat  code  which  requiroo  the  uoe  of 
a  deciaal  point  within  the  opacified  field  to  override  the  d*0 
opacification.  On  aoot  coaputoro  F,  D  and  B  foraat  codeo  are 
coapletely  interchangeable  for  input  idilch  peraito  one  to 
oupply  an  exponential  (power  of  ten)  aultlplier;  e.g.,  0.000001 
aay  be  ouppliod  ao  l.OD-0,  provided  that  the  exponential  tara 
io  right  adjuoted  within  the  field  width.  In  all  other  oaoeo, 
real  data  uolng  the  Fw.O  foraat  code  aay  appear  anyaliere  within 
the  field  width.  All  blanko  are  aoouaod  to  be  a  sero  and 
therefore  ignored.  A  blank  field  will  therefore  input  a  value 
of  zero. 

All  integer  data  uoe  a  Iw  foraat  code  and  aunt  bo  right 
adjuoted,  i.e.,  auot  appear  in  the  rightaoot  coluano  of  the 
field. 

Several  naowo,  titled  and  other  deoorlptlve  iteao  are 
alphanuaeric  data  and  uoe  the  Aw  foraat  code.  Bore  blanko  are 
opaceo  and  the  actual  charactero  deoired  aay  appear  anywhere 
within  the  field. 

The  uoe  of  the  oyabol  »•  for  any  foraat  ouch  ao:  FOBMAT  (30A4  I 
/30A4)»»  indicateo  that  coluano  73  -  80  of  that  card  are  uoed  I 
for  input  and  ohould  not  be  uoed  for  identification  purpooeo.  I 
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OOTLin  OF  IIPOT  TO  TU  PBOOIAM 


Cards  A 

Cards  B 
Cards  C 
Cards  D 

Cards  B 

Cards  P 

Cards  Q 
Cards  R 

Cards  I 


-  Oats  and  run  dsscriptlon,  units  of  input  and  output, 
control  of  rastart,  integrator  and  optional  output. 

-  Physioal  oharaotaristics  of  tba  sagaants  and  joints. 

-  Dascription  of  tba  vablola  action. 

-  Contact  planas,  baits,  air  bags,  contact  I 

(hyper) ellipsoids,  constraints,  syaaetry  options,  I 
spring  daapers.  and  prescribed  forces  and  torques.  ! 

-  Functions  defining  forca-daf lections,  inertial 
spike,  energy  absorption  factor,  and  friction 
coefficients. 

-  Allowed  contacts  aaong  segaents,  planes,  belts, 
airbags,  contact  (byper) ellipsoids  and  barnesses.  I 

Initial  orientations  and  velocities  of  tba  segaents. 

-  Control  of  output  of  tiae  bistory  of  selected 

segaent  aotidks,  joint  paraaeters,  wind  forces,  I 

joint  forces  and  torques,  total  body  properties,  and  f 
injury  criteria. 

-  Control  inforaation  for  plotter  output. 
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A.  Main  Program  Input 


Card  A . 1 . a 
DATEd) 

IRSIM 

IBSOOT 

RSTIME 


Carda  A. 1 .b  -  A. 1 . 
COMEHT 


FORMAT  (3A4,  214.  FB.O) 

Data  of  tba  run  (12  cbaractara) . 


Raatart  input  unit  lo.  If  blank  or  aaro, 
all  input  to  ba  auppliad  on  carda  A. 3  to 
CARDS  H.IO.  If  nonxaro  (auggaatad  valua  I 
>  4)  input  will  ba  auppliad  from  a 
pravioua  raatart  tapa  and  Carda  A.l.b.  c 
and  A. 2. 

Raatart  output  unit  Mo.  If  nonaaro 
(auggaatad  valua  «3) ,  raoorda  will  ba 
written  on  thia  output  unit  for  future 
raatart  runa.  An  initial  record 
containing  all  Input  and  Inltlallaation 
data  will  ba  written  plua  a  time  point 
record  at  every  time  interval  aa 
apacifiad  by  DT  on  Card  A. 4. 

Raatart  time  (aao.)  required  if  IRSIM  • 

0.  Should  ba  nonaaro  and  an  integer 
multiple  of  DT  on  Card  A. 4.  Program  will 
read  raoorda  from  tba  pravioua  raatart 
tapa  up  to  and  including  thia  time,  make 
ebangaa  par  card  A. 2,  and  continue 
operation  from  there. 


FORMAT  (20A4  /  20A4)  •• 

Deacription  of  the  run  (ISO  cbaractara  on 
two  carda) . 
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C«rda  A. 2  art  raquirad  only  if  IBSII  >  0,  In  nbiob  oaaa  all 
othar  input  aa  apaoifiad  on  Carda  A. 3  to  B.IO  ara  bypaaaad.  I 

Two  aata  of  A. 2  (aach  tarainatad  with  a  blank  card)  ara 
raquirad.  Tha  firat  aat  ia  prooaaaad  aftar  tba  initial  input 
raoord  la  raad  froa  input  unit  II8IM  and,  if  II800T  •  0,  bafora 
tba  input  racord  la  nrlitan  on  output  unit  I1800T.  Tha  aacond 
aat  ia  prooaaaad  aftar  tha  tiaa  point  raoord  for  TIM  •  18TIM 
baa  baan  raad  and,  if  IRSOOT  •  0,  aftar  tba  aaaa  raoord  la 
ivrittan  on  output  unit  II800T,  but  bafora  tha  progran  raauaaa 
oparatlon. 


Carda  A. 2  FOBMATfAS,  414.  2(Fe.O,  18,  A8)  )  I 

AVAB  Alphanuaario  naaa  (laft  adjuatad  in 

fiald)  of  varlabla  to  ba  radafinad  for 
raatart.  Progran  ia  oapabla  of  obanging 
■oat  variablaa  in  tha  labalad  ooBMon  I 

blooka  aa  uaad  aftar  all  initialisation 
baa  baan  parforaad.  Tha  uaar  abould 
aaoartain  that  changing  tbia  variabla  ia 
valid  for  tha  progran. 


IIDBX(I) .1>1,3 


I  TIPS 


BR,  II  or  AA 


RBOLD,  HOLD 
or  AAOLD 


Tha  array  Indioaa,  if  any,  of  tha 
variabla.  Must  agraa  in  nuMbar  and  tha 
valuaa  anist  ba  lass  than  or  aqual  to  tba 
diaansions  of  tba  variabla.  Blank  or 
taro  for  no  diaansien. 

Supply  1 ,  2  or  3  to  indioata  that  tha  na« 
valua  is  to  ba  raal(RB),  intagar(II)  or 
alphan\iaario(AA) .  Must  agraa  with  tha 
typa  of  tba  variabla  within  tha  prograa. 

■aw  valua  of  tba  variabla  AVAR  to  ba 
suppliad  in  tba  appropriata  fiald 
datarainad  by  tha  valua  of  ITTPE. 

Tba  pravious  valua  of  tha  variabla  AFAR 
in  tha  appropriata  fiald  according  to  tha 
ITTPE  valua.  Intagar  or  alpbantjaario 
data  will  ba  tastad  axactly,  raal  data  to 
5  significant  digits.  If  tba  currant 
valua  is  diffarant,  tba  prograa  will 
taralnata  with  an  arror  aassaga.  If  saro 
or  blank  is  suppliad,  no  chack  ia 
parforaad. 


Thaaa  A. 2  Carda  will  ba  procassad  until  a  blank  valua  for  AVAR 
ia  ancountarad.  Bo  furthar  input  is  raquirad. 
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Card  A. 3 


FOIMAT  (3A4,  4F13.0) 


milTL  L«b«l  for  unit  of  longib  (4  cbaraeiora) . 

mUTM  Labol  for  unit  of  fore#  (4  cbaraetara) . 

UHITT  Labol  for  unit  of  tiaa  (4  obaractara) . 

Hota:  UVITL,  UIITM  and  OlITT  oan  ba  any  aat  of  conaiatant 
unita,  boiMvar,  ibrougbout  ibia  daaerlpiion,  inobaa.  pounda  and 
aaconda  (in.lba.aao)  ara  uaad  aa  aaapla  unlia.  If  oibar  unita 
ara  uaad,  tba  flald  wldtba  of  aoaa  output  fornat  atataaanta  uay 
bava  to  ba  obangad. 


GBAVTT(I) ,Z«1 ,3  Tba  x,  y  and  a  ooaponanta  (ln/aaoaa3)  of 

tba  gravity  vaotor  in  tba  inartial 
eoordinata  ayataa.  Typically,  tba  vactor 
(0.0, g)  ia  uaad.  Tbia  dafinaa  gravity  to 
ba  appliad  along  tba  poaitiva  inartial  t 
axia.  Any  vaotor  nay  ba  uaad.  including 
(0,0,0)  for  a  iMigbtlaaa  anvironnant. 

Q  Tba  valua  of  tba  oonatant  (in/8ao««2) , 

ahiob  tba  input  aagaant  twigbta  will  ba 
dividad  by  to  obtain  tbalr  wiaa.  If 
blank  or  saro,  tba  nagnituda  of  tba 
gravity  vaotor  will  ba  uaad.  0  nuat  ba 
nonaaro  if  QBAFTT  -  (0,0,0). 
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Card  A. 4 
MDINT 


HSTEPS 

DT 


HO 

HMAX 


HMIH 


FOBMAT  (214.  AFS.O) 

Huab«r  of  Itoratlon*  for  tbt  final 
conv«r|«noo  t««t  of  tbo  latoArator 
Subroutino  DIIT  (■iniaua  valuo  *  2, 

•ufAMtod  valuo  •  4) . 

luabor  of  output  tlao  points.  May  bo  I 

soro  to  obtain  initial  conditions.  I 

Main  program  tiao  intorval  for  Intogrator 
routino  output  (soo) .  Tbo  total  tiao  of 
tbo  run  will  bo  ISTEPS*DT  soeonds. 

Program  output  can  bo  obtainod  ovary  DT  ! 
soeonds  or  intogor  aultiplos  of  DT.  I 

lots:  Tbo  valuo  of  DT  can  affoct  ! 

simulation  rosults  (sines  tbo  intogrator  ) 
is  forcod  to  provido  output  at  ovary  I 

intogor  aultiplo  of  DT) ,  in  addition  to  I 
rogulating  tbo  froquoney  of  output  data.  * 

Initial  intogrator  atop  also  (soo) . 

Maximum  intogrator  stop  siso  (soc) .  For 
boat  offioionoy  DT  should  bo  an  intogral 
aultiplo  of  HMAX  and  BMAX  a  powor  of  two 
aultiplo  of  HO.  (Suggostod  valuo  «  0.001 
soc.) 

Minimum  intogrator  stop  siso  (soc).  If  a 
fixod  stop  siso  is  dosirod,  sot  HMII 
groator  than  BMAX,  and  stop  also  will 
doublo  from  HO  until  HMAX  is  aebiovod. 
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Card  A. 5 


FOBMAT  (3812) 


HPBTd) ,  1*1,38  An  array  of  indloatora  that  control 

varloua  optional  output  and  pro^raa 
control  faaturaa  of  tba  prograa. 
Oanarally,  for  tha  output  paraaotara,  a 
blank  or  zaro  valua  indicataa  no  output 
for  that  Itaa  and  a  valua  of  ona  will 
produea  output  aaob  tiaa  tba  routina  ia 
axaoutad.  Tha  printad  output,  produoad 
by  alaaanta  8-17  and  20-25  ia  intandad 
for  diagnoatic  or  *oback  out'  purpoaaa 
only,  oan  produea  larga  aaounta  of 
partially  labalad  output  and  abould  not 
ba  uaad  for  long  or  production  rtma.  Ona 
abould  conault  tba  Hating  of  tba 
aubroutina  for  a  daacription  of  tba 
diagnoatic  itaaa  that  ara  printad. 


Tha  HPBT  array  (*  -  aaa  notaa  balow) 


Elaaant  Mo, 

Subroutina 

1 

(1*) 

MAII 

2 

(1*) 

MAIM 

3 

(1*) 

MAIM 

4 

(2*) 

0DTP0T,P0STPB 

5 

(1») 

PBIPLT 

6 

(1«) 

PBIPLT 

7 

(1») 

PBIPLT 

8 

(3*) 

DAUX 

9 

DAtJX 

10 

IMPOLS 

11 

SETUP 1 

12 

VISPB 

13 

PBIPLT 

14 

WIMDT 

IS 

BELTQ 

16 

HBBLT 

17 

EDEPTH 

18 

(4«) 

OUTPUT, P08TPB 

19 

not  uaad 

20 

CHAIM 

21 

AIBBAO 

22 

AIBBOl 

23 

BIMPUT 

24 

UPDATE 

25 

DIMT 

28 

(5*) 

DIMT,P0STPB 

27 

EQUILB 

Output  producad 

Output  unit  Bo.  1 

Subroutina  BLTIMB  tabla 

Subroutina  PBIIT  output 

Output  unit  lo.  8,  plota 

T-Z  viaw  printar  plota 

X-Z  viaw  printar  plota 

X-T  viaw  printar  plota 

UK,  BBS  and  C  arraya 

Subroutina  PBIIT  output 

Diagnoatic  output 

U2,V1  arraya 

Diagnoatic  output 

CJOIIT  array 

Wind  forcaa 

Diag.ioatic  output 

Barnaaa-balt  forcaa 

Diagnoatic  output 

Liwit  tabular  tiaa  hiatoriaa  • 

SXaLP,SEOLV 
Diagnoatic  output 
Diagnoatic  output 
HT  and  HB  arraya  I 

Boll-alida  taat  output 
Convarganoa  taat  data 
Tabular  tiaa  biatory  output 
Intaraadiata  raaulta 
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Card  A. 5  (continued) 


28 

(0*) 

HPTURB 

Harness  belt  forces 

29 

not  used 

30 

(7») 

P08TPR 

Plot  and  HIC  data  frequency 

• 

31 

(8») 

POSTPS 

Type  of  plot  output  device 

• 

32 

not  used 

33 

not  used 

34 

not  used 

35 

not  used 

30 

(0«) 

DRIFT 

Controls  drift  of  Joints 

• 

Notes 

concerning 

eleaents  of  the 

MPRT  array 

1»  For  eloMnifl  1,  2.  3.  5,  6  and  7,  the  value  indieatee  the  ! 

frequency  of  output.  Zero  will  produce  no  output  (for  I 

elenent  Mo.  2,  the  ILTIIB  table  aill  be  printed  once  at  the 
end  of  the  run)  and  a  non-xero  poaitive  value  (1)  trill  I 

produce  output  every  M«DT  (froa  Card  A. 4)  eeeonda. 
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Card  A. 5  (continuad) 


2*  Tha  valua  of  MPBT(4)  ia  uaad  (afiar  varaion  18A)  to  control: 

(1)  Writa  tha  tabular  tiaa  hiatoriaa  (apaoiflad  by  Carda  H 
and  tha  allowad  oontacta  on  Carda  F)  on  aitbar 

(a)  tha  Bultipla  output  unita  (Mo.  21  and  up)  by 
Subroutina  OOTPOT,  or 

(b)  tha  prlaary  output  unit  (Mo.  6)  by  Subroutina  HEDIMO. 

(2)  Stora  tha  tima  hiatory  data  on  output  unit  No.  6  by 
Subroutina  OOTPITT  to  ba  latar  uaad  by  Subroutina  P08TPR. 

(3)  Oanarata  plota  of  tha  tina  hiatory  data  (apacifiad  on 
Carda  I)  by  Subroutina  POSTPB. 

Permiaaibla  valuaa  of  NPBT(4)  ran|a  froa  -3  to  «4  aa  followa: 

Suppliad  valua  for  HPST(4) 


♦4 

♦3 

♦2 

♦  1 

0 

-1 

-2 

-3 

1 

Control  Carda 

Multiple  output  \inita 

yea 

no 

no 

yea 

yaa 

no 

no 

no 

Output  unit  Mo.  8 

yea 

yea 

yea 

yea 

no 

yaa 

yaa 

yaa 

2 

Card  Input 

Carda  B.l-H.lO 

yea 

yea 

yea 

yea 

yaa 

no 

no 

no 

Card  H.ll 

no 

yea 

yea 

yea 

no 

yaa 

yaa 

yaa 

Carda  I 

no 

yea 

no 

yea 

no 

yaa 

no 

yaa 

3 

Main  Prograa  Operation 

Integrate  and/or  raatart 

yea 

yea 

yea 

yea 

yaa 

no 

no 

no 

Call  Subroutina  POSTPB 

no 

yea 

yea 

yea 

no 

yaa 

yaa 

yaa 

4 

Print  tlBM  hiatoriaa 

Multiple  output  unita 

yea 

no 

no 

yea 

yaa 

no 

no 

no 

Priaary  output  unit 

no 

• 

• 

yea 

no 

no 

no 

yaa 

yaa 

5 

Output  unit  Mo.  6 

Write  (Sub  OUTPUT) 

yea 

yea 

yea 

yea 

no 

no 

no 

no 

Bead  (Sub  POSTPB) 

no 

yea 

yea 

yaa 

no 

yaa 

yaa 

yaa 

6 

Oanarata  plota  (Carda  I) 

no 

yea 

no 

yea 

no 

yaa 

no 

yaa 

Nota:  If  MPBT(4)  ia  nagativa,  input  Carda  B.l-H.lO  abould  not  I 
ba  auppliad. 
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Card  A. 5  (contlnuad) 


3»  A  valua  of  1IPBT(8)  *  2  will  print  tha  dafllgnatad  array! 
befor*  and  aftar  tba  flrat  call  to  Subroutina  FSMSOL  only. 


4*  Tha  valua  of  IfPBTdS)  controls  tba  printing  of  tba  tabular 
tiM  historiaa  not  spacifiad  by  tha  H  Cards.  A  valua  of 
NPBTdS)  »  0  will  rasult  in  tba  printing  of  all  tba  tabular 
tlM  bistorias,  as  in  pravious  varslons  of  tba  aodal.  Bona 
of  tha  tabular  tiwa  historiaa  listad  balow  will  ba  printad 
for  a  valua  of  BPBTdS)  •  18.  Tha  tabla  balow  lists  which 
tiaa  historiaa  that  will  ba  printad  for  tha  otbar  valuas  of 
VPBTdS).  Tha  typaa  of  tiaa  historiaa  ara  labalad  with  'y' 
for  yas.  indicating  this  tabular  tiaa  history  will  ba 
printad  and  ‘n’  for  no.  indicating  it  will  not  ba  printad. 


Suppliad  valua 

of 

llFBTd8) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

Plana/sag 

y 

n 

y 

y 

y 

y 

y 

n 

y 

y 

n 

n 

y 

y 

n 

n 

n 

Balt/sag 

y 

y 

n 

y 

y 

y 

y 

n 

n 

n 

y 

y 

y 

n 

n 

n 

n 

Harnass-balt 

y 

y 

y 

n 

y 

y 

y 

y 

n 

n 

y 

n 

y 

n 

n 

y 

n 

Spring-daprs 

y 

y 

y 

y 

n 

y 

y 

y 

y 

n 

y 

y 

n 

n 

n 

n 

n 

Sag/aag 

y 

y 

y 

y 

y 

n 

y 

y 

y 

y 

n 

n 

y 

n 

y 

n 

n 

Airbag 

y 

y 

y 

y 

y 

y 

n 

y 

y 

n 

y 

y 

n 

n 

n 

n 

n 
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Card  A. 5  (oontinuad) 


5*  IIPBT(26)  oontrolfl  tba  fraquaney  of  tba  tabular  tiaa  hiatory 
output.  Valuaa  of  -9  through  6  ara  paralaaibla.  I 


(a)  If  tba  tabular  tiaa  blatoriaa  ara  printad  on  tba 

aultlpla  output  unit*  21  and  (1FIT(4)  «  0,1  or  4) ,  I 
tba  valua  of  IPRT(20)  controls  tba  fraquaney  of  tba  t 

output  as  folloas:  i 

<0  -  print  ona  lina  avary  IIP1T(20) «DTi  saconds;  • 

0  -  print  ona  lina  avary  DT  (from  Card  A. 4)  saconds;  • 

1  -  print  at  tba  and  of  aach  sueeassful  Intagration  stap; I 

2  -  print  at  avary  Intaraadiata  tlna  point  of  aaob  stap.  I 

3  -  print  ona  lina  avary  DT  (froa  Card  A. 4)  saconds;  • 

4  -  no  linas  ara  printad;  • 

5  -  print  at  tba  and  of  aach  successful  intagration  stap;# 

8  -  no  Unas  ara  printad.  • 

(b)  If  output  unit  lo.  8  is  ganaratad  (IPBT(4)  >0),  I 

records  ara  written  to  output  unit  lo.  8  as  follows:  I 

<0  *■  avary  !IPltT(28)«0Ti  seconds;  9 

0  -  at  the  and  of  each  successful  intagration  stap;  I 

1  -  at  tba  and  of  each  successful  intagration  stap;  I 

2  -  at  aaob  intaraadiata  tiaa  point  of  aaob  stap;  I 

3  -  avary  DT  (froa  Card  A. 4)  saconds;  • 

4  -  at  tba  and  of  aaob  successful  intagration  stap;  • 

5  -  no  records  ara  written  (output  unit  lo.  8  not  used);  • 

6  -  no  records  ara  written  (output  unit  lo.  8  not  used).  • 


(c)  If  the  tabular  tiaa  histories  ara  printad  froa  output 
unit  lo.  8  (IPST(4)  «  *2. *3, -2  or  -3),  a  valua  of 
IPBT(28)  equal  to: 


<0  -  print  ona  line  avary  !IPBT(26)vDTi  saconds;  • 

0  -  print  ona  lina  avary  DT  (froa  Card  A. 4)  seconds; 

1  -  print  at  the  and  of  each  successful  intagration  stap; 

2  -  print  at  avary  intaraadiata  tiaa  point  of  each  stap; 

3  -  print  ona  lina  avary  DT  (froa  Card  A. 4)  saconds;  9 

4  -  no  Unas  ara  printad;  9 

5  -  no  linas  ara  printad;  9 

8  -  no  lines  ara  printad.  9 
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Card  A. 5  (contlnua) 


Hot#:  Tba  rational  for  uaing  tho  above  optiona  ia  aa  followa: 
Provioua  input  daoka  will  produce  the  aaM  output,  i.e. 
HPST(20)  ■  0.1,2  reaponda  aa  before.  To  reduce  the  aice 
of  the  aoratch  file  (output  unit  lo.  6)  uae  l?BT(20)  «  3 
or  <0.  Oae  IPBT(20)  «  4  to  create  a  TAPS  8  file  that  ia 
to  be  aaved  and  uaed  for  a  poatproceaaind  run  ahere  the 
tabular  tiae  hiatoriea  and/or  plota  »111  be  ande  during 
tbe  poatproceaaing  run.  IF1T(20)  ■  S  &  0  are  priaarily 
for  debugging  purpoaea.  Iota  that  if  IPBT(20)  >  3  or  <0 
and  IPBT(4)  «  «1,'»3,*1,  or  -3,  (plota  to  be  conputed) 
tbe  data  written  to  TAPI  8  will  be  .(U.  DT» IIPKT(26) ! , 
bence  tbe  frequency  of  tbe  plota,  ■PST(30) ,  auat  be  .01. 
!HPItT(26)l. 


6»  BPBT(28)  controla  the  frequency  and  aaount  of  barneaa  belt 
force  output  produced.  Taluea  of  0.  1,2  and  3  are  allowed 
aa  followa:  (each  value  ineludea  output  for  all  lower 
valuea) 

(0)  '  Producea  a  table  of  the  final  harneaa  belt  forcea  at 
each  point  in  play  at  the  aaae  tine  pointa  aa  output 
la  produced  by  Subroutine  PBIIT  aa  apeoified  by 
■PIT (3). 

(1)  -  Printa  a  table  of  the  final  harneaa  belt  forcea  at 

each  point  in  play  at  each  tiwe  point  of  Subroutine 
HPTUBB. 

(2)  -  Printa  a  table  of  the  barneaa  belt  forcea  at  each 

point  in  play  for  every  iteration  atep  of  Subroutine 
HPTUBB. 

(3)  -  Printa  tbe  BH8,IJK  and  C  arraya  before  the  call  to 

PSMSOL  at  each  iteration  atep  at  each  tiwe  point  of 
HPTUBB. 


7»  BPBT(30)  controla  the  frequency  of  the  data  pointa  for 
plotting,  aa  apecifled  by  the  I  Carda,  and  for  uae  in  the 
eoaputation  of  the  HIC,  C8I  and  ESI  nuabera,  aa  apecifled 
by  Card  H.ll.  A  value  of  IPBT(30)  equal  to: 

0  -  plot  variable  for  every  aucceaaful  integration  atep; 
>0  -  plot  variable  every  fPBT(30)«DT  aeconda. 

■ote:  ■PBT(30)  auat  be  .01.  IFBT(20)  if  plota  are  to  be  wade. 
Befer  to  tbe  note  for  IPBriSU)  for  further  Inforwation. 
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Card  A. 5  (contlnua) 


8«  IFBTiSl)  oontrold  nbathar  th«  plota  ganaratad  by  tba  I  • 

carda  will  hava  a  paga  advanea.  Tha  uaa  of  iba  paga  • 

advanca  will  dapand  on  tba  tba  typa  of  daviea  tba  plota  ara  • 
to  ba  drawn  on.  For  IP1T(31)  aqual  to:  • 

0  -  pagaa  will  ba  advanoad.  Baquirad  for  druoa  plottara.  • 

1  -  pagaa  will  not  ba  advanoad.  Haquirad  for  tarwinala  f 

and  aingla-abaat  plottara.  # 

9«  A  nonsaro  valua  for  MPBTCSO)  triggara  Subroutina  DRIFT  to  • 
racoaputa  tba  diraction  ooaina  aatrieaa  and  angular  f 

valocity  of  adjacant  aagwanta  connaetad  by  conatrainad  0 

Jointa  ao  aa  to  pravant  drift  of  tba  conatrainad  Joint  • 

axaa.  Vo  diagnoatio  output  ia  produead.  • 
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B.  Subroutln* 

Card  B.l 
MSBQ 


MJNT 

BDYTTL 


BIMPUT 


FOBMAT  (218.  81,  5A4) 

Tb«  nuabar  of  ■•gaantc.  Tlia  aaxiaua 
valua  for  tba  aua  of  1810 .  nuabar  of 
airbaga  (IBAQ  on  card  D.l),  nuabar  of 
vablolaa  daflnad  on  tba  C  card*  and  ona 
for  tba  ground  ia  30.  A  ainiaua  of  1 
aagaant  ia  raquirad. 

Tba  nuabar  of  Jolnta  (aaxiaua  ■  30) . 

Daacriptlon  of  tba  craah  victla  (20 
cbaractara) . 
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Cards  B.2.a  rOSMiT  (A4.  IX,  Al.  lOFd.O,  14) 

(ISIG  cards) 

Bach  card  (I)  for  1*1.  ISIO  will  contain  input  data  for  ths 

Ith  ssBMnt.  Tha  ssBaant  idsntifyin|  nuabsrs  (I)  will  bs 

refsrrsd  to  on  latsr  input  cards. 

SEG(l)  An  abbrsviation  of  ths  noasnclaturs  of 

ths  Ith  ssgBsnt  (4  charactsrs) . 

CQS(I)  Ths  plot  syabol  of  ths  ssgwsnt  osntsr-of- 

■ass  (1  charactsr) .  I 

W(I)  Ths  wsight  of  ths  ssgMnt  (lbs). 

PHI (J , I) , J*1 ,3  Ths  principal  snaants  of  insrtia  of  ths 

ssgasnt  about  tbs  x.  y,  and  x  axss  of  ths 
ssgaant  (lbs-aso*s2-in) .  Thsrs  ars  no 
rsstrictions  for  ths  valuss  of  V(I)  or 
PHKJ.I),  thsy  aay  bs  nsgativs  or  taro. 

If  any  co^jonsnt  la  zsro,  it  is  asstsssd 
that  tbs  systsa  is  suitably  constrainsd 
so  that  ths  systsa  aatrix  is  nonsingular. 

BD(J, I) , J«1 ,3  Ths  X,  y,  and  z  ssaiaxss  of  ths  ssgasnt 

contact  sllipsoid  (in). 

BD(J,I) ,J*4,6  Ths  location  of  tbs  csntsr  of  tbs  ssgasnt 

contact  sllipsoid,  with  rsspsct  to  tbs 
cantar-of-aass  of  ths  ssgasnt,  in  tbs  I 

local  body  ssgasnt  rsfsrsncs(in) .  Tbsss 
priaary  contact  slllpsoids  ars  givsn  tbs 
saas  Idsntifying  nuabsr  as  tbs  ssgasnt. 

Thsy  aay  bs  rsdsflnsd  with  an  arbitrary 
orisntation  on  Cards  D.5. 

LPMKI)  An  intsgsr  iriiich,  if  non-zsro,  indicatss 

that  tbs  principal  axss  for  ssgasnt  lo.  I 
ars  rotatsd  froa  ths  local  rsfsrsrsncs  ! 
axss.  If  LPMKI)  *  0,  a  B.2.b  card  aust  ! 
iaasdiatsly  follow  this  Card  B.2.a.  If  I 

LPMKI)  is  zsro  or  blank.  Card  B.2.b  is  I 

not  rsquirsd. 
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Vot«:  To  handl*  aituationi  «rii«r«  tb«  prlncipl*  «x««  «r«  not  ! 
•ligntd  with  tb«  local  axaa,  aat  LPIO  *  1.  Thia  Indicataa  that  ) 
tha  principal  axaa  art  rotated  froa  tba  local  rafaranca  axaa  * 
for  aagaant  lo.  I  and  that  an  additional  input  Card  B.2.b  nuat  t 
iHMdiataly  follow  to  apaoify  tha  rotation.  Since  it  la  ! 

daairabla  that  input  dafining  pointa  on  a  aagaant  be  auppllad  t 
with  raapact  to  tha  local  rafaranca  axaa  and,  alao,  not  to  ! 

invalidate  pravloua  input  dacha,  tba  prograx  (Subroutine  ! 

ROTATE)  will  tranaforx  all  data  that  baa  bean  defined  with  I 

reapact  to  the  local  rafaranca  axaa  to  tha  principal  axaa  in  a  I 
■lannar  that  ia  tranaparant  to  tba  uaar.  Alao,  all  atandard  ! 

output,  vdtera  applicable,  will  be  tranaforxad  back  to  tba  local 
rafaranca  axaa.  I 


Carda  B.2.b  FORMAT  (121,  3P0.0)  ! 

YPRPMI (J , I) ,  J>1,3  Tha  yaw,  pitch  and  roll  anglaa  in  dagraaa  I 

of  tha  principal  axaa  with  raapact  to  tba  ! 
local  rafaranca  axaa  of  aagxant  Bo.  1.  I 
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If  NJMT  is  s«ro  on  C«rd  B.l,  Cards  B.3  -  B.5  ars  not  roquirad. 


Cards  B.3. a  F0B1IAT(A4.  IX.  Al.  214.  BFB.O.  14.  2F6.0)  • 

(HJNT  ssts  of  cards  ars  roquirad.  2  cards  par  sat.  Tha  first  I 
card  (B.3. a)  of  aach  sat  is  dascribad  balow  and  tha  socond  t 

card's  (B.3.b)  dascription  follows.)  ! 

Each  card  (J)  for  J  «  1.  MJWT  will  contain  input  data  for  tha 
Jth  Joint.  Tha  Joint  idantifying  nuwbars  (J)  will  ba  rafarrad 
to  by  latar  input  cards. 

JOINT (J)  An  abbraviation  of  tha  nowanclatura  of  tha  Jth 
Joint  (4  charactars) . 

JS(J)  Plot  symbol  of  tha  Joint  location  (1  character ) . 

JMT(J)  Magnituda  indicates  tha  number  of  tha  segment  that  I 
is  connected  to  segment  J*l  by  joint  J.  !JNT(J) I  I 
must  ba  <  J*l.  Segment  1  is  always  tha  raforanoa  I 

segment  for  tha  first  body  of  segments.  If  more  ! 

than  one  body  is  used,  segment  J'»l  is  defined  as  t 
its  rafaranca  sagaMnt  by  setting  JIT(J)«0.  This  ! 

defines  Joint  J  as  a  null  Joint  which  does  not  ! 

link  any  segments.  ! 

If  JHT(J)<0,  Joint  J  is  associated  with  a  flexible  ! 
element  (Sea  B.7  cards).  I 
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Cards  B.3.a  (continued) 


IPIN(J)  0  -  there  are  to  be  no  conatrainta  on  Joint  J. 

*1,-1  -  joint  J  ia  a  pin  Joint,  with  the  pin  aa  the 
y  axia  of  the  Joint  coordinate  ayateaa. 
*2,-2  -  Joint  J  ia  a  ball  and  aocket  Joint. 

«3,-3  -  Joint  J  ia  a  globalgraphio  Joint. 

♦4,-4  -  Joint  J  ia  an  Suler  Joint. 

♦5 , -5 , *0 , 

-0,>7,-7  -  Joint  ia  either  an  Euler  Joint  or  a  alip 

Joint  depending  on  the  input  value  of  ISLIP 
aa  ahown  below. 

-8, -9, -10  -  Euler  Joint. 


I 

( 

! 

» 


A  alip  Joint  allowa  linear  awtion  between  the 
joint ‘a  aegaenta  along  the  a  axia  of  the  JETU) 
joint  coordinate  ayatea.  Ita  angular  freedoa  ia 
specified  by  a  coi^ination  of  IPIl  and  ISLIP  aa 
follows: 


IPIH  ISLIP 


-5  0  Euler  Joint. 


♦S,-S  ♦I,-!  slip  Joint  with  coaplete  0 

angular  freedoa.  Angular  • 

aotion  is  the  aaae  as  for  IPIN  0 
>  2,  about  the  J^l  Joint  f 

coordinate  aystea.  • 

-6  0  Euler  Joint.  0 

*6,-6  *1,-1  slip  Joint  with  pin  as  y  axis  • 

of  J^l  Joint  coordinate  aystea.  0 
Angular  aotion  aaae  aa  for  IPIN  • 
«  1.  Flexural  spring  • 

characteristics  will  be  used.  • 

-7  0  Suler  Joint.  0 

*7,-7  *1,-1  alip  Joint  with  pin  as  the  a  0 

axis  of  the  Joint  coordinate  • 
ayateaa.  Torsional  spring  • 

characteristics  will  be  used.  • 

Mon-tero  values  for  IPIl  any  be  supplied  aa 
positive  or  negative  to  indicate  that  the  initial 
condition  of  the  Joint  ia  unlocked  (positive)  or 
locked  (negative)  for  angular  aotion.  An  Euler  0 

Joint  aay  use  the  globalgraphio  option  by  0 

specifying  lOLOB  *  1  on  Card  F.4.a.  0 
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Cards  B.3.a 


SB(I.2»J- 

SB(I,2»J) 

ISLIP(J) 

CKJ) 

C2(J) 


(continuad) 

An  Eular  Joint  aan  hava  any  of  Its  rotation  axaa  I 
lockad  or  unlookad.  This  Initial  atata  is  dafinad  ! 
by  IPII  and  tha  prograa  aata  tha  valua  of  IBULIB  t 
baaad  on  tha  input  valua  if  IPII  as  follows :  I 

IPII  IBULBR  stata 


8  fraa 

7  all  axas  lockad 
6  spin  fraa,  othars  lockad 

5  nutation  fraa,  othars  lockad 

4  pracassion  fraa,  othars  lockad 

3  spin  lockad,  othars  fraa 

2  nutation  lockad,  othars  fraa 

1  pracassion  lockad,  othars  fraa 


wfaara  pracassion,  nutation  and  spin  ara  tha  I 
rotations  froa  tha  JMT(J)  Joint  coordinata  systaa,  ! 
to  tha  J^l  Joint  coordinata  systaa  about  tha  z  I 
axis,  rasultant  x  axis  and  rasultant  z  axis  ! 
raspactivaly .  I 


),I*1,3  Coordinatas  of  location  of  Joint  J  (in.) 

in  tha  local  rafaranca  systaa  of  sagaant 
JIT(J) . 

1 3 1,3  Coordinatas  of  location  of  Joint  J  (in.) 

in  tha  local  rafaranca  systaa  of  sagaant 
J*l. 

1  -  slip  Joint  with  unlockad  linaar  aotion. 

0  -  non-slip  Joint. 

-1  -  slip  Joint  initially  lockad  for  linaar 
aotion. 

Iota:  A  slip  Joint  aay  ba  lockad  or  unlockad  for 
angular  aotion  (dapandlng  on  tha  sign  of  IPII) 
ragardlass  of  tha  sign  of  ISLIP. 

Tha  aaxiaua  forca  (lbs.)  (a  nagativa  valua) 
allowad  for  a  linaarly  lockad  Joint  in  tansion. 

If  excaadad  tha  Joint  will  unlock. 

Tha  aaxiaua  forca  (lbs.)  (a  positiva  valua) 
allowad  for  a  linaarly  lockad  Joint  in 
co^>rasslon.  If  axcaadad  tha  Joint  will  unlock. 
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Cards  B.3.b  FORMAT  (14X,  0F6.0,  612)  ••  ) 

(One  of  these  cards  Bust  follow  each  B.3.a  card  described  I 

above . )  > 


TPBKI  ,J)  ,I«1 ,3  The  rotation  angles  (degrees)  about  the 

t.  y  and  x  axes,  respectively,  of  the 
local  reference  axes  of  segaent  Mo.  I 

JIT(J)  to  specify  the  axes  of  joint  J. 

The  sequence  in  which  these  rotations  are  I 
■ade  is  specified  by  IDTPB  below.  The  t  • 
axis  defines  the  axis  of  linear  slip  for  • 
slip  joints.  • 

TPR2(I , J) ,1=1 ,3  The  rotation  angles  (degrees)  about  tb« 

t,  y  and  x  axes,  respectively,  of  the 
local  reference  axes  of  segaent  Mo.  J*1  I 
to  specify  the  axes  of  joint  J.  The 
sequence  in  which  these  rotations  are  ! 

aade  is  specified  by  lOTPR  below.  The  z  I 
axis  is  the  reference  axis  to  define  I 

flexure.  The  y  axis  is  used  as  the  pin  I 
axis  except  for  the  special  Euler  joints,  t 
The  x-y  plane  is  used  for  globalgraphic  I 

joints  with  X  as  the  reference  axis.  ! 

TPB3(I , J) , 1=1 ,3  The  center  of  syaaetry  (degrees)  for 

Euler  joints  (used  only  if  tIPIV(J)l  >  4) 
supplied  in  the  order  precession, 
nutation  and  spin.  Joint  torques  for 
Euler  joints  are  a  function  of  the 
deviation  of  the  Euler  angles  froa  these 
angles.  Previous  versions  (before  18a) 
of  the  prograa  assuaed  values  of  tero. 


V 
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Cards  B.3.b  (continuad) 


IDYPRd ,J) ,1*1 ,3  Tbt  saquanoa  in  «bicb  tba  TPRl  rotations  i 

ara  aada.  Valuas  of  1 ,  2  and  3  I 

corraspond  to  rotation  anjlas  about  tba  I 
X  axis  (TPRl (3. J)],  y  axis  [TPRl (2. J)]  I 
and  X  axis  [TPRKl.J)]  raspactivaly.  ! 

Zaro  or  blank  valuas  will  dafault  to  tba 
ordar  3,  2  and  1  to  spaelfy  tba  noraal 
yaw,  pitch  and  roll  saquanca,  l.a., 

yaw  about  original  z  axis  using  TPR1(1,J), 

pitch  about  resultant  y  axis  using  TPRl (2. J). 

roll  about  rasultant  x  axis  using  TPR1(3,J). 

Two  rotations  about  tba  saM  axis  cannot  < 
ba  spacifiad  consacutivaly .  Howavar,  tba  ( 
third  rotation  stay  ba  about  tba  sawa  axis  ! 
as  tba  first,  providsd  it  is  suppliad  as  ' 
a  nagativa  nuwbar,  in  which  casa  tba 
xinusad  value  of  TPRl  will  be  used  about 
the  indicated  axis,  e.g.,  values  of  3.  1 
and  -3  will  specify  the  norwal  Euler 
rotations  wfaara  TPRl  is  suppliad  in  the 
ordar  precession,  spin  and  nutation  to 
cowpute : 

precession  (TPRKl.J))  about  original  z  axis, 
nutation  (TPRl (3. J))  about  resultant  x  axis, 
and  spin  (TPRl (2, J))  about  resultant  z  axis. 

IDTPRd , J) , 1*4 ,6  The  sequence  in  which  the  TFR2  rotations  ( 

are  wade.  Identical  to  the  description  I 
of  IDTPRd.J),  1*1,3.  I 
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Cards  B.4 


FORMAT  (2  (4P6.0.  F12.0)) 


(NJMT  Skits  of  cards,  on#  sat  for  aacb  Joint  J.  If  Joint  J  is  * 
not  an  Eular  Joint,  tha  sat  has  ona  card  containing  tha  ! 

valuas  for  3*J-2  and  3aJ-l.  If  Joint  J  is  an  Eular  Joint,  • 

tha  sat  has  two  cards  with  tha  sacond  card  containing  tha  ) 

valuas  for  3«J.)  ! 

SPBIVOd ,3«J-2) ,  Tha  flaxural  spring  eharactaristies  for 
1-1,5  Joint  J.  If  J  is  an  Eular  Joint,  tha 

spring  eharactaristies  about  tha 
praoassion  axis.  If  JOINTF(J)  •  0  (on 
Card  F.5) ,  tbasa  valuas  ara  not  usad  and  I 
should  ba  saro. 

SPRINQd ,3»J-1) ,  Tha  torsional  spring  eharactaristies  for 
1=1,5  Joint  J.  If  J  is  an  Eular  Joint,  tha 

spring  eharactaristies  about  tha  nutation 
axis. 

SPRINQd ,3«J} ,  Tha  spring  charaotaristios  about  tha  spin 

1=1,5  axis.  This  sacond  card  of  aaoh  sat  is 

raquirad  only  if  J  is  an  Eular  Joint. 

1=1  Linaar  spring  coafficiant  (in-lbs/dag) . 

1=2  Quadratic  spring  coafficiant 

(in<lbs/dag««2). 

1=3  Cubic  spring  coafficiant  (in-lbs/dag««3) . 

1=4  Enargy  dissipation  coafficiant 

(diaansionlass  variabla  batwaan  0  and  1).  ! 

A  valua  of  1.  spacifias  no  loss.  ! 

A  valua  of  0.  spacifias  ■axiauB  loss.  I 

1=5  Joint  stop  location  with  raspact  to  tha 

cantar  of  syasMtry  (dag) .  For  a  valua  of 
saro  tha  routina  will  usa  only  tha  linaar 
spring  coafficiant  and  will  apply  tha 
anargy  dissipation  coafficiant.  ! 

AVQd , J) , 1=1 ,3  Tha  approxiaata  initial  rotation  anglas, 

in  tha  ordar  pracassion,  nutation  and 
spin,  (dagraas)  for  Joint  J  which  is  an 
Eular  Joint.  Tbasa  ara  usad  as  tha 
initial  anglas  for  tha  aaaory  aoda  usad 
by  Subrout ina  EULBAO  and  naad  not  ba 
axact.  Tha  valuas  ara  absoluta  and  not 
ralative  to  tha  cantar  of  syaswtry. 
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Cards  B.S 


FORMAT  (SFO.O.  18X.  3F6.0) 


I 


(NJHT  sets  of  cards,  ons  sst  for  each  Joint  J.  If  Joint  J  is  I 


not  an  Eular  Joint,  tha  sat  has  ona  card  containing  tha  I 
valuas  for  3«J-2.  If  J  is  an  Eular  Joint,  tha  sat  has  thraa  > 
cards  with  tha  valuas  for  3«J-1  on  tha  sacond  card  and  for  I 
3»J  on  tha  third.)  ! 


Vised  ,3»J-2)  ,  Tha  viscous  charactaristics  for  Joint  J. 

I>1,7  If  J  is  an  Eular  joint,  tha  viscous 

charactaristics  about  tha  pracassion  axis. 


Vised  ,3»J-1) .  Tha  sacond  card  of  each  sat  is  raquirad 

1^1,7  only  if  J  is  an  Eular  Joint.  Tha  viscous 

charactaristics  about  tha  nutation  axis. 


VISCd,3«J)  Tha  third  card  of  aach  sat  is  raquirad 

I<1,7  only  if  J  is  an  Eular  Joint.  Tha  viscous 

charactaristics  about  tha  spin  axis. 

I-l  Viscous  coafficiant  (in-lb*sac/dag) . 

I«2  Coulosib  friction  coafficiant  dn-lb). 

IS3  Ralativa  angular  valocity  of  tha  Joint  at 

adiich  full  couloab  friction  is  applied 
(dag/sac).  Must  ba  graatar  than  0. 

1=4  Tl:  Tha  aaxiHUB  torqua  (in-lbs)  allowed 

for  a  locked  Joint  (or  locked  Eular  I 

axisu.  If  axcaadad,  the  Joint  will 
unlock.  If  Tl  «  0,  the  test  will  not  ba  ! 
parforwsd  and  a  locked  Joint  will  rasMin  I 
locked.  Iota:  If  Joint  J  is  locked  and  t 
T1=0,  whan  the  aquilibriUB  option  is  I 

used,  VISC(4,3aJ-2)  will  ba  sat  by  tha  I 
prograa  (Sea  aquilibrlua  option  ! 

description  under  Cards  Q.6) .  I 

1=5  T2:  Tha  ■inisuw  torqua  (in-lbs)  allowed 

for  Joint  J  to  raaain  unlocked.  If  T2  = 

0,  tha  test  will  not  ba  parforaad. 

1=6  T3:  The  ■iniaua  angular  valocity 

(rad/sac)  necessary  for  joint  J  to  raaain 
unlocked.  If  T3  «  0,  tha  test  will  not 
ba  parforsMd. 
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Cards  B. 


I 


5  (continusd) 


Ib7  E:  Nhara  E>(HU)/2  and  0  is  tbs  classical  ) 

eoafficiant  of  rasiitution  to  bs  usad  for 
the  iapulsa  option  if  tbs  Joint  bits  the 
joint  stop  (0<E<1  OR  -1<D<4^1).  A  value 
of  E  *  0  Mans  that  tbs  isipulss  option 
•rill  not  bs  sxsrcissd  for  this  joint. 
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Card*  B.e  POBMAT  (12F6.0)  ! 

(NSBO  card*) 

Th*  following  card*  ar*  raquirad  for  tha  convarganc*  ta*t*  I 

«diich  ara  parforwad  in  Subroutina  DIIT  on  tha  raauliani  of  tha  ! 

darivativa  vactor*.  Tha  linaar  valocitia*  and  aoealaration* 
ara  conputad  only  for  rafaranea  aagaant*  (i.a.  sagaant  Ho.  1 
and  thoaa  *ag  ■ant*  I  whara  JIT(I-l)  ■  0),  tharafora  any  taat 
nuibar*  auppliad  for  linaar  valocitia*  and  aeoalaration*  of 
othar  aagaant*  will  ba  ignorad.  Tha  ta*t*  for  eonvarganca  ara 
parforaad  in  tha  following  ordar: 

1)  If  tha  aagnituda  valua  i*  zaro.  no  taating  i*  dona  for  I 

that  variabla. 

2)  If  tha  nagnitijda  of  tha  rasultant  vactor  i*  la**  than  th*  I 

apacifiad  nagnitud*  valua.  th*  routin*  ha*  pa***d  th*  I 

convarganc*  taat  for  that  variabla. 


3)  If  th*  abaolut*  arror  valua  i*  graatar  than  caro.  and  th*  I 
aagnituda  of  th*  abaolut*  arror  (diffaranc*  batwaan  th* 
pradictad  and  coaputad  vactor)  i*  1***  than  tha  abaolut* 
arror  valua,  th*  routin*  has  pasaad  tha  convarganc*  taat  I 
for  that  variabla. 

4)  If  th*  ralativ*  arror  valua  i*  graatar  than  saro  and  tha  I 

aagnituda  of  th*  abaolut*  arror  dividad  by  th*  aagnituda  I 

of  th*  coaputad  vactor  i*  1***  than  th*  ralativ*  arror  ! 

valua,  tha  routin*  ha*  paasad  th*  convarganc*  taat  for  I 

that  variabla.  I 

SOTESTd.l.I)  Magnitud*  valua  for  th*  angular  valooity  ! 

taat  of  aagaant  Ho.  I  (rad/aac) .  ! 

SQTEST(2,1,I)  Absolut*  arror  valua  for  th*  angular  I 

valocity  tost  of  aagaant  Ho.  I  (rad/sao) .  I 

SOTESTO,  1 ,1)  Balativ*  arror  valua  for  th*  angular  I 

valocity  taat  of  sagaant  Ho.  I  ! 

(diaansionlass) .  ! 


S0TEST(J.2,I) ,  Saa*  as  abov*.  but  for  tb*  linaar 

J*l,3  valocity  of  sagaant  Ho.  I  (in/aac) . 

SOTEST(J,3,I) ,  Saa*  aa  abov*.  but  for  tb*  angular 

J«l,3  accalaration  of  sagaant  Ho.  I 

(rad/a*ca»2) . 

saTEST(J,4,I) ,  Saaa  aa  abov*  but  for  th*  linaar 

J>1.3  accalaration  of  aagaant  Ho.  I 

(in/sacaa2) . 
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If  JIT(J)<0  on  nny  of  th«  B.3  enrdi,  Cards  B.7  art  raquirad.  I 
Card  B.7. a  FOUUT  (1114) 


Each  flaxibla  altaant  auat  aontain  at  Isaat  thraa  connaotad  ! 

aagaanta.  Tba  first  sadMnt  is  tha  rafaranoa  sagaant,  followad  I 
by  ona  or  aora  Intarior  sagaaats  and  a  tarainating  sagaant.  I 

Each  Joint  in  tba  flaxibla  alaaant  aust  bava  a  nagativa  valua  I 
for  JMT.  I 

HFX  Tba  tatal  auabar  of  intarior  sagaants  for  < 

all  tba  flaxibla  alaaants.  I 


KIT(K) .K>1 ,NFX  Tba  intarior  sagaant  idantif ieation 

nuabars  in  tba  ordar  spaeifiad  on  tba  B.3  > 

cards.  If  tba  valuas  of  IFX  and  KMT  ara  I 
not  oonsistant  with  tba  nagativa  valuas 
of  JMT  on  Cards  B.3,  tba  prograa  aill 
tarainata  aitb  an  appropriata  arror 
aassaga. 


Cards  B.7.b  FOBMAT  (13FB.0)  ! 

(Four  B.7.b  cards  for  aaob  iataritr  sagaant  (isiFX)  ara  I 
raquirad,  in  tha  ordar  as  tbay  ara  dafinad  in  tha  KMT  ! 
vactor.)  ! 


(HF(I ,J,K) ,J>1 , 13)  Tba  coafficlants  of  tha  quadratic  fora 
,I>1,4  function  usad  to  dafina  tba  oriantation 

of  intarior  sagaant  KHT(K)  with  raspact 
to  tba  rafaranca  sagaant  of  tba  alaaant. 


HF  contains  tbraa  4X4  aatricas;  1F(I,J,K),  HF(l,Jt4,K}  and  I 
HF(I,Jt8,K),  tdiara  1*1,4  and  J«l,4.  Tbasa  aatricas  ara  usad  I 
to  dafina  tha  oriantation  of  sagaant  KIT(K)  with  raspact  to  I 
its  rafaranca  ••I  aant  as  fallaas:  I 


yaw  of  sagaant  KIT(K)  -  1/3  f.lF(I,J  ,K)V; 
pitch  of  sagaant  KMT(K)  -  1/3  f  .BFd  ,J*4,K)T; 
roll  of  sagaant  KIT(K)  *  1/3  f .1F(I ,J*8,K)V; 

(I,J«1.4). 

Hbara  V  is  a  coluan  vactor  with  four  coaponants  y,  p,  r  and 
1,  and  y,  p,  r  ara  tba  yaw,  pitch  and  roll  anglas  in  radians 
of  tha  tarainating  sagaant  ralativa  to  tba  rafaranoa  sagaant 
T.HFT  raprasants  tba  dot  product  batwaan  vaotors  T  and  HFV. 
iota:  Tha  pitch  is  always  >  ~00  dagraas  and  <  00  dagraas. 
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C.  Subrouiln*  VINPUT 


Tb«  C  cards  ara  used  to  praacriba  tha  aotion  of  apaclfiad 
aagaanta.  A  sat  of  C  cards  is  raquirad  for  aach  prascribad 
notion.  At  laast  ona  sat  of  C  cards  is  raquirad  and  a 
naxinua  of  six  sats  is  allonad.  If  a  sat  of  C  cards  doas  not 
prascriba  tha  notion  of  ona  of  tha  sagnants  dafinad  in  tha 
B  cards,  than  an  indapandant  vabicla  sagnant  is  autonatically 
dafinad.  Tha  last  sat  of  C  cards  always  dafinas  tha  prinary 
vabicla.  This  vahicla  is  usad  as  a  dafault  for  a  nunbar  of 
outputs.  Tha  othar  vahiclas  ara  dasignatad  as  sacondary 
vahiclas. 


Savaral  options  ara  availabla  for  aach  prascribad  notion. 
Tha  raquirad  inputs  for  aach  option  ara  as  follows: 


Option  1:  Half  slna  wava  dacalaration  inpulsa  (HATAB  >=  0) 


Baqulrad  inputs  -  Card  C.l:  all  variablas,  ! 

Card  C.2.a:  AiaLBd)  ,  AIGLKB)  ,  TIPS.  I 
TTIlffi.  XO.  HATAB-0.  MSEQ.  I 

Option  2:  Tabular  unidiractional  dacalaration  (BATAfi  >  0) 

Baquirad  inputs  -  Card  C.l:  all  variablas,  ! 

Card  C.2.a:  AHOLEd),  AiaLE(2).  TIPS,  I 

XO,  HATAB>0.  ATO,  ADT.  MSEG,  I 

Cards  C.3:  all  variablas.  I 


Option  3:  Six  dagraa  of  fraadon  dacalaration  (HATAB  <  0  and 
LTYPE  *  0) 

Baquirad  inputs  -  Card  C.l:  all  variablas. 

Card  C.2.a:  AHOLEd),  AH0LE(2)  , 

AH0LE(3),  TIPS,  XO.  HATAB<0,  ATO. 
ADT,  MSEQ. 

Card  C.2.b:  LTTPE>0,  TMBO. 

Cards  C.4:  all  variablas. 


Option  4:  Splina  fit  position,  valoclty  or  accalaration  data 
(HATAB  <0  and  LTTPE  >  0) 


Baquirad  inputs  -  Card  C.l:  all  variablas,  ! 

Card  C.2.a:  HATAB<0.  ATO.  ADT,  MSEO,  ! 
Card  C.2.b;  LTyPB>0,  LFIT,  HPTS,  I 
Cards  C.9:  all  variablas.  f 
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C  Cards  (eontinusd) 


Tbsss  options  and  thair  raqulrsd  Inputs  hava  baan  astablisbad 
in  sucb  a  aannar  that  any  pravious  input  daoks  ara  still 
accaptabla  as  input,  axoapt  that  Card  C.2.b  nas  addad  for 
option  3  for  Varsion  18  of  tba  ATB  program.  For  Varsion  19, 
Card  C.2.b  was  modifiad  and  option  4  (Cards  C.5  and  tba 
■ultipla  prascribad  motion)  mara  addad. 


Card  C.l  FOBMAT  (2014)  «• 

VPSTTL  Daseription  of  tba  crash  vabiola 

daealaration  (60  ebaractars) . 


I 
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Card  C.2.a 


FOBMAT  (8F0.0.  18.  2Fe.O.  16) 


AIGLEd) 

VIPS 

VTIMB 

X0(I)  .1-1.3 

NATAB 


Option*  1  and  2:  AlO^d)  and  AVOLKS) 

(d*8)  nra  tba  asinuth  and  alavatlon 
andla*  of  tho  dooaloration  iapuls*  I 

vaetor.  froa  tho  inortlal  eoordinato  I 

•yotoa.  Tho  initial  oriontation  of  tho  I 
vohiclo  ia  aaauaad  to  bo  alignod  with  tho  I 
inortial  eoordinato  ayatoa.  ! 

Option  3:  Tho  thro*  initial  rotation  I 

andloa.  yaw,  pltob  and  roll  (d*A) ,  of  tho  I 
proacribod  aotion  aagaant.  I 

Option*  1,  2  and  3:  Tho  initial  voloeity  t 
(in/aoo)  of  tho  proacribod  aation  I 

aog  aant.  For  option  1,  a  nogativo  valuo  I 
aay  bo  auppliod  to  indicato  that  tho 
vohielo  will  aceolorato  froa  an  initial 
voloeity  of  zoro  to  TIPS,  tho  final  ( 

voloeity.  I 

Option  1:  Tho  tiaa  duration  (aoc)  of  tho  I 
half  aino  wav*  doooloration  iaf>ula*.  It 
auat  not  bo  zoro  or  blank  for  option  1. 

Option*  1,  2  and  3:  Tho  x,  y  and  z  I 

eoordinato*  (in)  of  tb*  vohiclo  roforone* 
origin  in  inortlal  roforone*. 

lufgjor  of  tia*  point*  of  vobiol* 
doooloration  data  to  b*  auppliod  or 
gonoratod  by  tb*  prograa.  Tb*  algobraic 
aign  of  lATAB  dotorainoa  tho  option  of 
proacribod  aotion  aa  follow*: 

If  lATAB  «  0  (option  1),  tb*  proacribod 
aotion  la  an  analytical  half  aino  wav* 
function  that  docoloratoa  tb*  vohiclo  I 

froa  an  initial  voloeity  of  TIPS  to  ZEBO  ( 
if  TIFS>0.  If  TIP8<0,  tho  vohiclo  ia  I 

accoloratod  froa  an  initial  velocity  of  I 
zoro  to  TIPS  final  velocity  in  TTIMK  aoc.  ! 
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Card  C.2.a  (eont.) 


ATO.ATT) 


MSBO 


If  MATAB  >  0  (option  2) ,  ilio  vobiolo 
■otlon  if  unidiractional  and  lATAB  valuta 
of  linaar  daealaration  ara  to  ba  auppliad 
on  Carda  C.3.  lATAB  abould  ba  odd, 

■axiaua  valua  ia  00. 

If  lATAB  <  0  (optiona  3  and  4).  tba 
praacribad  notion  ia  apaeifiad  on  aitbar 
Carda  C.4  or  C.5.  Bara  MATAB  >  -lATAB  ia  I 
tba  nuiM>ar  of  tina  pointa  of  aooalaration 
data  to  ba  auppliad  on  Card  C.4  or 
coavutad  froB  tba  aplina  fit  data  on 
Carda  C.S,  ■axinun  valua  of  MATAB  ia  501.  • 

Tba  firat  tina  point  and  fixad  tina  I 

Intarval  (aao)  for  tba  tabla  of 
aooalaration  data  that  ia  auppliad  on  ! 

Carda  C.3  for  option  2,  on  Carda  C.4  for  I 
option  3  or  for  option  4,  ia  to  ba  I 

ooaputad  fron  tba  aplina  fit  data  to  ba  I 
auppliad  on  Carda  C.S.  Tba  progran  I 

initially  oaloulataa  tba  vabiola  I 

aooalaration  tiM  biatoriaa  from  tba  I 

providad  tabular  data  and  intagrataa  I 

thaaa  aooalarationa  to  apaoify  tba  I 

vabiola  notion  during  tba  ainulation.  ! 

Tba  aagnant  nunbar  aaaooiatad  with  tbia 
praaoribad  daealaration  tlna  biatory.  If 
MSIQ  ia  laaa  than  or  aqual  to  1810  (Card 
B.l),  tba  notion  of  aagnant  lo.  MBIO  aa 
dafinad  on  Carda  B.2  will  ba  praaoribad 
(nota:  axtrana  oaution  nuat  ba  axaroiaad 
in  uaing  tbia  option.)  If  MBIO  >  1810, 
tba  aata  nuat  ba  auppliad  in  tba  ordar 
MSI0-ISI0«1,  I8I0«3,  ate.,  to  praaorlba 
tba  notion  of  aaoondary  vabiola  aagnanta. 

Tba  progran  aaaigna  tba  aagnant  nunbar  I 
MSIO  to  tba  eorraaponding  aaoondary  I 

vabiola.  Tba  laat  aat  of  C  earda  nuat  ) 

contain  tba  praaoribad  notion  for  tba  I 

prinary  vabiola  and  MBIO  nuat  ba  xaro.  I 
(Tbia  aignala  tba  and  of  tba  C  card  I 

input.)  Tba  progran  aaaigna  tba  aagnant  I 
nuMbar  KBO  *  tba  nunbar  of  aaoondary  t 

vobiclaa  1  to  tba  prinary  vabiola.  Tba  I 
prinary  vabiola  aagnant  nuiO»ar  oan  not  ba  I 
graatar  than  20.  I 
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Card  C.2.b 


FOBMiT  (3I«.  22X.  3F10.0) 


This  card  li  required  only  if  lATAB  <  0  (option*  3  and  4). 
lote:  This  oard  na*  added  for  Feraion  16  of  the  ATB  prograa 
to  supply  the  initial  angular  velocity  and  «a*  revised  for 
Version  10.  A  blank  oard  should  be  inserted  here  for  any 
previous  input  data  decks  that  utilised  the  six  degree  of 
freedoa  option  on  Cards  C.4. 

LTTPE  Option  3:  A  value  of  zero  or  blank  I 

specifies  the  six  degree  of  freedoa  I 

option  with  required  input  on  Cards  C.4.  I 

Option  4:  The  value  of  LTTPE  specifies  I 

the  type  of  data  contained  in  the  C.5  ( 

cards .  ! 

If  LTTPB«1.  the  C.S  input  table  is  ! 

position  data.  I 

If  LTYPE>2,  the  first  C.S  card  is  the  I 

initial  position  data.  lAich  is  folloaed  t 
by  the  input  table  of  velocity  data.  I 

If  LTTPE*3,  the  first  C.S  card  is  the  ! 

initial  position  data,  tbs  second  card  is  ! 
the  initial  velocity  data,  abich  is  I 

folloaed  by  the  input  table  of  ! 

acceleration  data.  I 

LFIT  Option  4:  The  degree  of  the  polynomials  ) 

to  be  spline  fitted  through  the  time 
point  data  on  Cards  O.S.  A  value  of  0, 

1 ,  2  or  3  may  be  used  but  the  degree 
should  be  sufficient  to  produce 
continuity  for  the  computed  velocity 
values.  Therefore: 

For  LTTPE  «  1,  supply  LFIT*  2  or  3. 

For  LTTPE  *  2.  supply  LFIT*  1,  2  or  3. 

For  LTTPE  *  3 ,  supply  LFIT*  0 ,  1 ,  2  or  3 . 

Mote  if  LFIT  *  0,  a  constant  value  is 

assumed  from  the  current  time  value  to 
the  next  time  value  but  round  off  errors 
in  time  computations  may  not  produce  the 
time  desired. 
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Card  C.2.b  (continuad) 


IPTS 


VMEGd) 


Tha  ntuibar  of  actiial  tiaa  point  data  to 
ba  auppliad  on  Cards  C.5,  BaxiauB  valua  t 

ia  101.  lota:  Tba  nuBbar  of  C.5  cards  * 

Bust  ba  aqual  to  (LTTPI  -1)  *  IPTS,  nhara  ( 
tha  (LTTPI  -1)  cards  ara  tha  initial  I 

position  and/or  initial  valocity  data.  > 

Tha  thraa  co^>onants  of  tha  initial 
angular  valocity  (dag/sac)  about  tba 
local  X,  y  and  s  axas  of  tha  vabicla. 
lot  raquirad  if  tba  splina  fit  (option  4)  ! 

is  to  ^  usad.  I 
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Cards  C.3  FOBMAT  (12F6.0)  I 

Thasa  cards  ara  raquirad  only  if  VA?AB  >  0  (option  2) . 

DEC(I) ,I-1.IATAB  Tha  valuas  of  daoalaraiion  (O’s)  of  tha 

vahicla  for  tba  lATAB  aqually  spaced  tlaa 
points  as  T(I),  iritara:  ! 

T(I)  =  ATO  ♦  (I-1)»ADT  for  I-l.HATAB. 

Supply  12  valuas  par  card,  usa  as  aany 
cards  as  naoassary.  Sines  a  Siapson’s 
lnta|ration  is  iisad  to  eoaputa  valocity 
and  position,  tha  value  of  lATAB  mist  be 
odd.  Tha  prograa  will  intagrata  beyond  f 

tha  last  tiM  point  assuaing  a  constant  I 
daoalaration  equal  to  tha  value  of  tha  I 
last  given  point.  ! 


Cards  C.4  FOBMAT  (lOX,  OFIO.O)  I 

Thasa  cards  ara  raquirad  if  HATAB<0  and  LTTPE*0  (option  3). 

MATAB  C.4  cards  ara  raquirad  where  MATAB  «  *IATAB.  Each  card  ! 
(I)  will  contain  data  for  aqually  spaced  tiaa  points  T(I), 
vdiara : 

T(I)  «  ATO  *  (I-1)«A0T  for  I>1, MATAB. 

ATAB(J, I) , Jsl ,3  Tha  x,  y  and  z  coaponants  (g’s)  of  tha 

linear  dacalaratlon  of  the  vahicla  origin 
at  tiwa  T(I). 

ATAB(J,I) ,J>4,6  Tha  angular  accelerations  (dag/sac*a2) 

about  tha  local  x,  y  and  z  axes  of  tha 
vahicla  at  T(I} . 

Note:  The  prograw  will  integrate  for  velocity  and  position 
beyond  tha  last  tiwa  point,  assusiing  a  constant  acceleration  I 
equal  to  tha  value  of  tha  last  given  point.  Tha  prograw  will  ! 
print  at  input  tisia  a  cowplata  table  of  tha  integrated 
valocity  and  position  frow  tha  supplied  acceleration  data. 

This  integration  procedure  is  not  idantJcal  to  tha  program  I 
integrator. 
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Cardi  C.S  FOBMAT  (7F10.0) 

That*  cards  art  required  if  IIATAB<0  and  LTYPB>0  (option  4) . 

(LTTFE-1)  cards  are  required  first  to  set  initial  conditions 
followed  by  HPTS  cards  containing  time  point  data. 

If  LTYPS^l,  tbe  input  table  is  position  data  for  HPTS  tine 
points. 

If  LTTPE*2,  the  first  card  is  the  initial  position  data, 
fAich  is  followed  by  the  input  table  of  velocity  data  for 
HPTS  tiae  points. 

If  LTTPE>3.  the  first  card  is  tbe  initial  position  data,  tbe 
second  card  is  the  initial  velocity  data.  lAich  is  followed 
by  the  input  table  of  acceleration  data  for  HPTS  tiae  points. 


T(I)  The  tiae  (sec)  for  the  data  on  this  card. 

If  this  card  is  for  initial  condition 
data,  T(l)  should  be  zero  or  blank.  The 
tlaes  should  be  in  ascending  order  but  do 
not  have  to  be  equally  spaced. 

ETZ(J,I) , J*1 ,3  If  position  data,  the  x,  y  and  z 

coordinates  (in)  of  the  vehicle  origin  in 
tbe  inertial  reference  coordinate  systea 
for  tiae  T(I).  If  velocity  data,  tbe  x, 
y  and  x  coaponents  (in/sec)  of  velocity 
of  tbe  vehicle  origin  in  the  inertial 
reference  for  tiae  T(I).  If  acceleration 
data,  tbe  x,  y  and  t  coaponents  (Q’s)  of 
the  deceleration  of  tbe  vehicle  origin  in 
inertial  reference  for  tiae  T(I) . 

XTZ(J,I) ,J>4,6  If  position  data,  tbe  yaw,  pitch  and  roll 

(deg)  of  the  vehicle  coordinate  reference 
axes  with  respect  to  the  inertial 
reference.  If  velocity  data,  tbe 
coaponents  of  angular  velocity  (deg/sec) 
about  tbe  local  x,  y,  z  axes.  If 
acceleration  data,  tbe  coaponents  of 
angular  acceleration  (deg/sec*e2)  about 
tbe  local  X,  y  and  z  axes. 
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Cards  C.5  (continuad) 


Nota:  Whan  LTTPE  *  2  or  3,  tha  prograa  will  spllna  fit  tha 
NPTS  data  points  for  aaoh  of  tha  six  coaponants  indapandantly . 
For  LTTPE  *  1,  tha  angular  displacaaanis  ara  transforaad  to 
qxiatarnions  and  tha  four  quatarnion  oowponants  and  tha  thraa 
llnaar  oowponants  ara  splina  fit  indapandantly.  Tha 
quatarnions  ara  than  transforwad  back  to  yaw,  pitch,  and  roll 
anglas.  The  splina  fit  producas  a  piaca-wisa  sat  of 
polynowials  of  dagraa  LFIT.  Thasa  polynomials  ara  than 
avaluatad  to  produca  a  sat  of  acoalaration  tables  at  MATAB 
equally  spaced  tiwa  points  equivalent  to  tha  six  dagraa  of 
fraadon  (option  3)  data  of  Cards  C.4.  The  program  will  than 


print  at  input  time  a  eomplata  table  of  tha  integrated  I 
velocities  and  positions  from  thasa  generated  acceleration  ! 
data.  Tha  integration  procedure  used  is  not  identical  to  tha  • 
program  integrator.  The  splina  fit  algorithm  used  in  tha  • 
program  can  be  used  to  calculate  angular  accelerations  from  • 
sifliultanaous  swlti-axls  angular  displacements.  • 
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D.  Subroutine  SIHPUT 
Card  0.1  FOBMAT  (1016) 

HPL  The  nuaber  of  pluioi  dt«cribin|  contact 

p«n«l«  (30  mtiXimum) . 

NBLT  Tb«  nuabar  of  balta  uaad  to  raatrain  th« 

crash  victia  (8  aaxiaua) . 

MBAQ  Tha  nuabar  of  airbags  usad  to  rastrain 

tha  crash  victia  on  Cards  0.4  (aax  ■  S, 
but  ISEQ  *■  tha  nuabar  of  vabiclas  *  MBAQ 


aust  ba  <  30) .  ! 

■ELP  Tha  nuabar  of  contact  ellipsoids  or  • 

hyparallipsoids  to  ba  supplied  on  Cards  $ 
D.S  (40  aaxiaua) .  • 

HQ  The  niiid>ar  of  constraints  to  ba  supplied 

on  Cards  0.0.  Bach  constraint,  with  I 

KQTTPB(J)  «  5  on  Cards  0.6.  will  ba  I 

considered  as  two  constraints  requiring  ! 

two  sets  of  cards,  (lota:  Tha  prograa 
will  later  incraaant  IQ  by  1  for  each 
IF(1)  •  0  on  Cards  F.l.b  and  F.3.b. 

Final  aaxiaua  on  IQ  Is  12). 


ISO  Tha  nuabar  of  spring  daapars  to  ba 

supplied  on  Cards  0.8  (20  aaxiaua). 


IHBNSS  luabar  of  harness -bait  systaas  to  ba 

supplied  on  Cards  F.8,  aay  ba  saro  or  I 

blank.  Maxiaua  value  >5.  I 

IWIlOF  Tha  nuiAar  of  wind  force  and  drag  f 

coefficient  functions  to  ba  supplied  on  I 
Cards  E.O,  aay  ba  saro  or  blank.  The  I 

aaxiaua  ■  50  if  no  other  force  functions  I 
are  supplied.  I 

IJITF  Tha  nuabar  of  joint  restoring  force 

functions  to  ba  supplied  on  Cards  E.7,  I 

aay  ba  blank  or  saro.  Tha  aaxiaua  *  50  I 

if  no  other  force  functions  are  supplied.  ! 

IFORCE  Tha  nusibar  of  force  and/or  torque  • 

functions  to  ba  supplied  on  Cards  0.9 
(aaxiaua  >  5) .  ! 
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If  NPL  ii  nonzero  on  Cnrd  D.l,  HPL  sot*  of  Cards  0.2  aro 
required . 


Card  D.2.a 
J 


PLTTL 


FORMAT  (14.  4X.  5A4) 

The  plane  identification  nuaber,  onist  be 
supplied  as  consecutive  integers  froa  1 
to  HPL. 

A  20  character  description  of  the  Jth 
panel . 


Cards  D.2.b  -  D.2.d  FORMAT  (3F12.0) 

PI (I), I *1,3  The  X,  y  and  t  coordinates  of  point  PI  in 

vehicle  (or  segaent  to  which  the  plane  is 
attached)  reference  (in) . 


P2(I)  ,1*1,3 

P3(I) ,1*1,3 


The  X,  y  and  z  coordinates  of  point  P2  in 
vehicle  (or  segaent  to  lAich  the  plane  is 
attached)  reference  (in) . 

The  X,  y  and  z  coordinates  of  point  F3  in 
vehicle  (or  segaent  to  which  the  plane  is 
attached)  reference  (in). 


Where  PI,  P2  and  P3  are  three  of  the  corners  of  a  parallelograa 
such  that  the  edge  P1P2  is  less  than  180  degrees  clockwise  (as 
viewed  froa  the  external  surface)  froa  the  edge  P1F3.  Rote: 

Any  previous  input  deck  in  tdiich  the  vector  P1P2  is  not  ! 

perpendicular  to  the  vector  P1P3  will  now  produce  different  ! 

results. 


Note:  The  positive  side  of  the  plane  is  defined  by  crossing  I 
the  edge  vector,  P1P2,  into  the  edge  vector,  P1P3.  Contact  I 
with  a  plane  aust  occur  with  the  positive  side.  ! 
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If  VBLT  18  nonsaro  on  Card  0.1.  IBLT  aatg  of  Cards  0.3  art 
raquirad. 


Card  0.3. a 


FOBMAT  (6A4) 


BLTTTL 


A  20  cbaractar  daaorlptlon  of  tha  Jth 
bait. 


Card  0.3.b  FOBMAT  (eF12.0) 

BELTd  ,  J)  ,  1  =  1 ,3  Tba  x,  y.  and  z  ooordinataa.  in  vabicla 

(or  sagMnt  to  which  bait  is  ancborad) 
rafaranca,  of  anchor  point  A  for  tha  Jth 
bait  (in). 


BELTd ,J) ,1=4,6  Tha  x,  y,  and  z  coordinatas,  in  vabicla 

(or  saEaant  to  which  bait  is  ancborad) 
rafaranca,  of  anchor  point  B  for  tha  Jth 
bait  (in). 


Vota:  Tha  program  must  pass  a  plana  through  tha  thraa  points: 

Tha  anchor  point  A,  tha  anchor  point  B  and  a  fixad  point  on  tba 
contactad  body  sagaant.  If  anchor  points  A  and  B  ooincida, 
thay  must  ba  saparatad  slightly  such  that  tha  dasirad  bait 
plana  will  ba  dafinad.  Also,  tha  anchor  points  must  ba  locatad  I 
such  that  thay  ara  not  allowad  to  panatrata  tha  contact  I 

allipsoid  to  which  tha  bait  is  attaohad.  ! 


D-3 


Bav  IV. 0 


66 


Card  D.3.C 
BBLT(I.J)  . 

BELT ( 10. J) 
BELT(ll.J) 


FOBMAT  (5F12.0) 

I >7, 9  Th«  X,  y,  and  z  coordinatas,  in  tba  f 

contact  allipcoid  rafaranca  (not  tha  ! 

local  rafaranca  ayataa  of  tha  aagMnt) .  I 
of  tha  fixad  contact  point  on  tha  body  I 
aagMnt  for  tha  Jth  halt  (in). 

Cxurrantly  not  uaad  by  tha  prograa. 

Balt  alack  (in).  If  BILTdl.J)  ia  zaro  I 
or  poaitiva.  tha  initial  halt  langth  with  ( 
alack  ia  dafinad  by  adding  tha  bait  alack  ! 
to  tha  initial  gaoMtric  langth,  < 

calculatad  froai  tha  placaMnt  of  tha  halt  I 
pointa.  If  BBLTdl.J)  ia  nagativa  and  I 

ita  Mgnltuda  ia  laaa  than  tha  initial  I 
gaoMtric  langth.  tha  gaoMtric  langth  ia  I 
dafinad  aa  tha  initial  halt  langth  with  < 

no  alack.  If  BBLTdl.J)  ia  nagativa  and  I 
ita  Mgnituda  ia  graatar  than  tha  ! 

gaoMtric  langth,  tha  valua  auppliad  will  I 
ba  dafinad  aa  tha  initial  halt  lanth  with  ! 
alack.  Iota  that  tha  balta  do  not  allow  I 
pratanaioning.  I 
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4- 


If  MBAO  is  nonzaro  on  Card  D.l,  NBAQ  sots  of  Czrdz  D.4  are 
required  by  Subroutine  AIBBOl.  Mote:  All  references  to  the 
vehicle  refer  to  the  primary  vehicle,  segaent  No.  NVEH  (NSEG 
the  number  of  vehicles  supplied  in  the  C  cards. 


Card  D.4. a  FOBMAT  (SA4,  14) 

BAGTTL  A  20  character  description  of  the  Jth  air 

bag. 

NPANEL(J)  Ninber  of  vehicle  contact  panels  that  are 

allowed  to  interact  with  the  Jth  air  bag 
(aaxlBum  >  4) . 


Card  D.4.b 
AB(I.J) ,1=1,3 

BFA(I,J) ,1=1,3 


FORMAT  (6F12.0) 

The  X,  y  and  z  seaiaxes  of  the  Jth  air 
bag  when  fully  inflated  and  undeforaed 
(in) . 

The  X,  y  and  z  coordinates  of  the  center 
of  the  air  bag  contact  ellipsoid  with 
respect  to  the  air  bag  center-of-aass 
(in). 


Card  0.4.C  FOBMAT  (6F12.0) 

yB,PB,RB  The  initial  orientation  (yaw,  pitch,  and 

roll)  of  the  Jth  air  bag  in  the  vehicle 
reference  (deg) . 

ZDEPd  , J)  ,  1  =  1 ,3  The  x,  y,  and  z  coordinates  of  the 

deployaent  point  of  the  Jth  air  bag  in 
the  local  reference  of  the  1st  panel  on 
Cards  0.4.g  and  h  (in). 
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Card  0.4.d 


FOndT  (eP12.0) 


XBM(J) 

CYTD(J) 

CYPA(J) 
CYSP(J) 
CYTO(J) 
CYVO (J) 

Card  D.4.a 
CYCD(J) 

CYK(J) 

CYB(J) 

CYAT(J) 

CYPV(J) 

CYCDO(J) 


Waight  of  air  bag  Msbrana  ana  contanta 
(Iba) . 

Gaa  aupply  actuator  firing  tiaa  aftar  tba 
atart  of  vahiola  dacalaration  (aac) . 

Atmoapbaric  praaaura  (paia) . 

Initial  gaa  aupply  praaaura  (paig) . 

Initial  gaa  atipply  taaparatura  (dag  B) . 

Oaa  aupply  raaarvoir  voIum  (in«»3). 


FOBMAT  (6F12.0) 

Sonic  throat  diacharga  coafficiant 
(diBMnaionlaaa) . 

Batio  of  apacific  haata  of  aupply  gaa 
(diaanaionlaaa) . 

Spacific  gaa  conatant  (in/dag  B) . 

Sonic  throat  araa  (in*«2). 

Vant  praaaura  of  tba  axbauat  orifica 
(paig) . 

Exhauat  orifica  diacharga  coafficiant 
(diMnaionlaaa) . 
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Card  0.4. f 


FOEIUT  (5F12.0) 


CYAO(J)  Exhauat  orifica  area  (in»»2) . 

SPRX(J)  Spring  constant  of  a  linaar  spring  usad 

to  siBulata  attaebaant  of  tha  bag  at  tha 
daployaant  point  in  tha  vahicla  (Ib/in) . 

VSCS(J)  Coaffioiant  of  sliding  friction  of  tha 

air  bag  (diaansionlass) . 

CK(J)  Paraaatar  usad  to  stabilisa  air  bag 

nuaarical  intagration  (sac*«-l). 
Suggastad  valua  *  250. 

CIIASS(J)  Multipliar  to  incraase  or  dacraasa  tha 

aasa  of  tha  air  bag  to  artificially 
daaqpan  tha  intagratad  air  bag  action. 


VPAMEL(J)  sats  of  tha  following  two  cards  ara  raquirad  to 
dafina  tha  allipsoids  usad  to  approxiaata  tha  contact  panels 
for  tha  Jth  air  bag.  Tha  first  panel  is  tha  reaction  panel. 


Card  D.4.g  FOBMAT  (6F12.0) 

B(I ,K,J) .I>1 .3  The  x,  y.  and  z  sawiaxas  for  tha  Ktb 

panel  for  tha  Jth  air  bag  (in) . 

BFB(I ,K, J) , 1^1 ,3  The  location  of  the  canter  of  tha  panel 

ellipsoid  with  respect  to  its  center-of 
■ass  (in). 


Card  D.4.h  FOBMAT  (6F12.0) 

ZB(I ,K,J) ,1>1 ,3  The  x,  y,  and  x  coordinates  in  vahicla 

rafaranca  of  the  cantar-of-aass  of  the 
Kth  panel  of  tha  Jth  air  bag  (in) . 

TP,PP,RP  Angular  orientation;  yaw,  pitch  and  roll 

(dag.),  of  tha  Kth  panel  with  respect  to 
the  vehicle. 
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If  HELP  i$  nont«ro  on  Card  D.l,  HELP  D.5  Cards  art  rsquirad. 

Noit:  HELP  is  tha  nuabar  of  contact  alllpsolds  and 
hyparallipsolds  to  ba  suppliad  bara,  not  tha  total  nuabar  of 
contact  ellipsoids  in  tba  prograa.  Tba  first  HSEQ  allipsoids 
aara  suppliad  on  Cards  B.2.  Tbay  aay  ba  replaced  hare  and 
additional  (bypar) allipsoids  aay  ba  added. 


Cards  D.S  POEMAT  (16.  eP6.0.3F4.0} 

(HELP  Cards) 


M  Contact  (hypar)allipsoid  nxiabar,  aaxiaua  f 

is  40.  If  M  <  HSEG  *  1.  data  will  • 

replace  input  suppliad  on  Cards  B.2.  If  I 
M  is  equal  to  a  vabicla  or  tba  ground  I 

«•!  aant  nuabar,  it  is  associated  with  I 

that  sagaant.  Otherwise ,  II  aust  ba  ! 

greater  than  HSEQ  *  tba  nuabar  of  I 

vehicles  *  HBAQ  ♦  1.  I 

PI (I), 1=1, 3  Tha  X,  y,  and  x  saaiaxas  of  tba  contact 

(bypar)allipsoid  (in).  • 

P2(I},I<>1,3  Tba  X,  y,  and  x  coordinates  of  tha  • 

(hyper) ellipsoid  offset  froa  tha  sagaant  • 
cantar-of-aass.  • 

P3(I),I>>1.3  Tha  yaw,  pitch  and  roll  (degrees)  of  tha 

contact  (hyper) ellipsoid  froa  tba  local  f 
rafaranca  axis  of  the  sagaant.  ! 

P4(I),I=1,3  Tha  powers  of  tba  (bypar) ellipsoid.  I. a.  • 

tba  values  of  Hi  in  tha  (hyper) ellipsoid  • 
functional:  (x/a)«tHl  *  (y/b)ii«H2  *  9 

(z/c)>*H3.  Values  aust  be  even  integers,  f 
If  all  P4  are  lass  than  or  equal  to  2  tba  9 
surface  will  ba  treated  as  an  ellipsoid.  9 
If  P4(l)>0  and  P4(2)  or  P4(3)  are  zero,  9 
tba  zero  vaiua(s)  will  ba  sat  to  P4(l),  9 
i.a.  only  P4(l)  needs  to  ba  entered  for  9 
all  equal  powers.  9 

Hota:  Hyparallipsolds  aay  not  ba  used  • 

with  tha  belt,  airbag,  harness  bait  or  • 

wind  routines,  or  with  tba  roll-slide  • 

options  for  plana-sagaant  or  sagaant-  • 

sagaant  contact.  Also  different  powers  • 

can  only  ba  used  for  plana-sagaant  9 

contacts  without  tba  adga-affaot  option.  • 
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If  HQ  is  nonsspo  on  Cspd  D.l,  HQ  D.6  Cards  art  raqulrad. 


Cards  0.6 
(HQ 

KQTTP8(J) 


KQKJ) 

KQ2(J) 
BKKI.J)  , 

RX2(I,J)  . 


FORMAT  (316,  6F6.0)  I 

Cards) 

Typs  Ho.  of  tbs  Jtb  constraint 

1:  Point  spaoifiad  by  BKl  on  sagSMnt  KQl 
will  bo  constrainad  to  ba  tba  Sana  as 
tba  point  spacifiad  by  BX2  on  salwant 
KQ2. 

2:  Point  spacifiad  by  BKl  on  sagwant  KQl 
will  ba  constrainad  to  rawain  at  an 
aq\ial  distanca,  0,  (wiiara  D  >  0)  frow  ! 
tba  point  spacifiad  by  BK2  on  sagwant 
KQ2. 


I 
I 

I 

Sag  Mnt  idantification  nuabar  of  tba  1st 
spacifiad  point. 

Ssg  ■ant  idantification  nusAar  of  tba  2nd 
spacifiad  point. 

I >1,3  Coordinatas  of  spacifiad  point  in  tba 

local  coordinate  systaa  of  sagaant  KQl  I 
(in).  If  KQTTPE  ■  5,  tba  second  card 
will  contain  tba  affaetivo  aassas  MA,  ID 
and  MAB  (lb.sac««2/in)  in  place  of  BKl. 

I»l,3  Coordinatas  of  spacifiad  point  in  tba 

local  coordinate  systaa  of  sagaant  KQ2  ! 
(in).  If  KQTTPE  >  5,  tba  second  card 
will  contain  tba  spring  constant  K 
(Ib/in),  tbs  viscous  daaping  constant  D 
(lb  sac/in)  and  tba  rafaranca  length  L 
(in)  in  place  of  RK2. 

Hota:  If  KQTTPE  *  1  and  KQ2  is  tba 
nuabar  for  tba  vabicla,  than  Subroutine 
EQUILB  will  B»dify  these  values  of  BK2 
such  that  they  will  ba  equivalent  to  BKl 
in  inertial  rafaranca  for  tiaa  taro  (sea 
description  under  Cards  0.6.). 


5:  Tension  alaaant  constraint  connecting 
point  BKl  on  sagaant  KQl  to  point  BK2 
on  sagaant  KQ2  (raquiras  two  cards 
with  tba  saM  KQTTPE.  KQl  and  KQ2  on 
both) . 
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Card  D.7  la  alwaya  raqulrad.  Stq>ply  blank  card  for  noraal  3D 
Bwtlon. 

Card  D.7  FOUliT  (1814)  If  1810)18,  uaa  2  oarda. 

HSTM(J)  ,J*1  ,MSB0  Controla  ayiMtry  option  of  body  aaBBMnta 

aa  follotM  : 

HSTIKJ)  •  0  :  loraal  throo-dlMnaional  aotion  for  body 
aoiMnt  J. 

ISTll(J)  >  J  :  Motion  of  body  aagaant  J  will  bo 

raatrictad  to  a  x-z  piano  parallol  to  tbo  f 
inortial  x-a  plana  with  no  latoral  I 

■otion,  banco  it  will  bo  two-diwanaional . 

HSTMCJ)  >  K  :  Body  aoBaanta  J  and  K  ara  to  rawain 

aywMtrloal  with  no  latoral  wotion.  Tbo 
■otion  of  aaeb  will  bo  raplaead  with 
thair  avaraga  and  raatrictad  to  a  x-z  I 

plana  parallol  to  tbo  inortial  x-z  plana.  I 

ISTM(K)  wuat  aqual  J. 

MSTll(J)  >  -K  :  Body  aagaanta  J  and  K  ara  to  raaain 

mirror  ayMotrical  with  raapact  to  a  x-z  < 
plana  parallol  to  tbo  inortial  x-z  plana,  t 
Sqxial  but  oppoaita  latoral  notion  ia 
paraittad.  VSTM(K)  auat  aqual  -J. 

Hota:  In  tha  abova  aynaotry  optiona,  tbo  uaar  auat  taka 
axtraaa  cara  that  all  input  will  allow  tha  ayaaotry  to  axiat. 
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If  ISD  ig  nonsgro  on  Card  D.l,  I8D  D.8  Cards  ara  raquirad. 


Cards  D.8 

(ISD  cards) 


lOBMAT  (213.  lirO.O) 


HSDIKJ)  SalMnt  Idantlf  ioatlon  nuiri>srs  (M  and  I) 

M8DI(J)  to  ahlab  tba  Jtb  sprin|  dasipor  Is 

attaobad. 


APSDMd.J)  ,1*1,3  Coordinatas  of  aitaobaant  points  in  local 
APSDKI  ,J)  ,1*1,3  sagaant  rafaranca  on  sagaants  li  and  ■  for 

tba  Jtb  spring  daapar  (in.). 


ASD(I ,J) .1*1 ,5  Coaffieiants  of  qxiadratic  functions. 

1*1  :  DO  (in) 

1*2  :  A1  (Ib/in)  or  intagar  I 

1*3  :  A2  (lb/inaa2) 

1*4  :  81  (lb  sac/in)  or  intagar  I 

1*5  :  82  (lb  sac»»2/inaa2) 


Tba  qxiadratio  functions  tiaad  to  ooaputa  tba  spring  forca  (FS) 
and  tba  viscous  forca  (FD)  for  tba  Jtb  spring  daapar  ara 
dafinad  by  tba  following  ralations: 


F8«  (D-DO)s(iAll  *  A8«tD-00i) 

FD*  0?«(  81  *  B8«iDVt) 

whara  0  and  DV  ara  tba  diatanoa  and  its  tiaa  darivativa  batwaan 
tba  points  APSOM  and  APSDI. 

Tba  following  options  ara  available: 

(1)  If  A1<0,  this  will  act  strictly  as  a  tension  alawant  and  I 

tba  prograw  will  sat  FS*0  and  FD*0  for  (D-DOXO.  ! 

(2)  If  D0<0  and  A2*0  or  (D-iDOiXO 

a.  If  A1*0,  prograa  will  sat  18*0. 

If  Also,  A1  will  be  a  function  nusibar  (a  positiva  raal 
intagar)  to  indicata  that  FD  will  ba  avaluatad  as  a 
function  of  (D-iDOS)  using  function  lo.  A1  dafinad  on 
Cards  E. 

b.  If  81*0,  prograa  will  sat  FDbO. 

If  81*0,  FD  will  ba  coaq>utad  as  FS  above  by  function 
No.  81. 
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If  MFOBCB  ia  nonsaro  on  Card  D.I,  IFOBCE  0.9  Cards  ara 
raquirad. 


Cards  0.9 

(IFOBCE 

IFVSEQCJ) 

MFVn(J) 

X.Y.Z 

T.P.B 


FOBMAT  (2ie.  8F10.0) 

cards) 


I 


Tha  Idantification  nusibar  of  tba  sagaant 
to  whioli  tha  Jth  forca  function  is  to  ba 
appliad.  If  IFTSBQfJ)  is  nagativa,  a  • 

tiaa-dapandant  torqua  will  ba  appliad  to  • 
tha  sagsMnt  instaad  of  a  forca.  • 

Tha  idantification  nuabar  of  tha  function 
on  Cards  I  that  dafinas  tha  forca  (lbs) 
or  torqiM  (in-lbs)  as  a  function  of  tiaa  • 
(sac) .  • 

Tha  coordinatas  (in)  of  tha  point  in  tha 
local  rafaranca  of  sagaant  IFTSEO  at 
which  tha  forca  or  torqua  is  to  ba  • 

appliad. 


Tha  yaw,  pitch  and  roll  (dagraas)  of  tha 
forca  ooordinata  systaa  with  raspaet  to 
tha  local  rafaranca  of  sagaant  IFY8EQ. 
Tha  forca  is  appliad  in  tha  diraction  of 
tha  positiva  x  axis  of  this  forca 
rafaranca  systaa.  Tha  forca  coordinata 
systaa  is  initially  alignad  with  tha 
sag  asnt  local  rafaranca  systaa.  If  a 
torqua  is  to  ba  appliad,  it  will  ba 
appliad  about  tha  x  axis  of  tha  forca 
coordinata  systaa,  whara  a  positiva 
torqua  is  in  a  countarclock-wisa 
diraction  looking  down  tha  positiva  x 
axis  towards  tha  origin. 
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E.  Subroutine  CIIPUT  (funotione  input) 

The  functions  defined  by  the  B.l  through  E.4  cards  are 
referred  to  by  nuaber  in  the  MF  arrays  required  on  Cards 
F.l.b,  F.2.b.  F.3.b,  F.4.b,  F.S.c  an'l  F.S.dl,  and  by  other 
variables  on  Cards  0.8  and  0.9.  They  are  used  to  define 
the  force  deflection,  inertial  spike,  B  (energy  absorption) 
factor,  Q  (peraanent  deflection)  factor,  friction 
coefficient,  rate  dependent,  stress/strain  and  other 
functions. 

Each  fvinction  aay  be  subdivided,  if  desired,  into  two 
separate  parts,  FI  and  F2,  lAere 

FKO)  is  defined  for  0  .LE.  DO  .LB.  0  .LB.  101! 

F2(0)  is  defined  for  iOl!  .LB.  0  .LB.  iD2!. 


In  addition,  each  part  of  a  ftuiction  aay  be  defined  by 
either  of  three  functional  foras:  constant  value,  tabular 
data  or  a  fifth  degree  polynoaial.  The  existence  and  fora 
of  each  part  is  deterained  by  the  supplied  values  of  DO,  01 
and  02  as  follows: 


FI 

F2 

DO 

D1 

D2 

Constant 

- 

0 

0 

D2  «  FI 

Tabular 

- 

00 

01 

.LT.  0 

0 

Polynoaial 

- 

DO 

D1 

.or.  0 

0 

Tabular 

Polynoaial 

DO 

D1 

.LT.  0 

D2  .QT.  0 

Polynoaial 

Tabular 

DO 

D1 

.QT.  0 

D2  .LT.  0 

Polynoaial 

Polynoaial 

DO 

01 

.QT.  0 

02  .QT.  0 

The  routines 

assuae; 

If  D.QT. 

!D2i  then  F(0) 

«  F(!D2!) 

for 

D2.NB.0. 

If  D.OT. 

IDli  then  F(D) 

>  FCDl!) 

for 

D2  =  0. 

If  D.LT. 

DO  then  F(D)  « 

F(D0) . 

The  case  of  both  FI  and  F2  being  tabular  la  unnecessary. 
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k  MxlBW  of  SO  funotioM  say  bo  supplied  to  tbo  progroB. 
Tbas#  functions  any  bo  of  tbo  typos  doseribod  on  Cords  E.l- 
B.4,  Cords  B.O  or  Cords  B.7. 


Cord  B.l  FOBMAT  (14.  4X.  6A4) 

I  Tbo  function  idontifying  nuabor.  Tboso 

nuabors  nood  not  bo  supplied  in  nuaoric 
order.  If  tbo  soao  nuabor  is  used  aoro 
tbon  once,  o  aorning  will  bo  printed  ond 
tbo  lost  one  si^pliod  will  bo  usod.  Tbo 
ond  of  tbo  function  input  is  indicotod  by 
supplying  o  single  cord  with  I  >  50. 

KTITLB  A  20  cboroctor  olpboniaMric  title 

describing  tbo  function. 
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Card  E.2 


FOBMAT  (5F12.0) 


DO  Tha  lowar  abaciaaa  valua  of  tha  firat  part 

(FI)  of  tha  function.  Onita  ara  dapandant 
on  uaa|a  of  tha  function,  i.a.  in.  for 
daflaction,  in. /in.  for  atraaa-atrain, 
in/aac  for  rata  dapandant  functiona. 
■oraally  a  valua  of  aaro  ia  uaad  for  forca 
daflaction  functiona.  A  nagativa  valua 
■ay  ba  auppllad  for  rata  dapandant 
functiona. 

D1  Tha  aagnituda  of  D1  ia  tha  uppar  abaciaaa 

valua  of  FI  and  tha  loner  abaciaaa  valua 
of  F2,  if  any.  D1  <  0  indicataa  FI  ia 
tabular.  D1  >  0  Indicataa  FI  ia  a 
polynomial,  and  D1  >  0  indicataa  FI  >  02, 
a  conatant. 

D2  If  D1  *  0,  D2  ia  tha  conatant  value  of  FI. 

Otharwiaa,  tha  aagnituda  of  D2  ia  tha 
uppar  abaciaaa  valua  of  F2.  If  D2  «  0,  F2 
ia  not  defined;  if  D2  ia  negative,  F2  ia 
tabular;  and  if  02  la  poaitiva,  F2  ia  a 
polynomial. 

03  If  tha  function  ia  to  ba  uaad  for  an 

inertial  apika,  03  rapraaanta  tha  abaciaaa 
valua  for  lAicb  the  inertial  apika  ia  to 
ba  ignored  if  unloading  occura  after 
daflaction  axcaada  03. 

If  tha  function  ia  to  bo  uaad  for  a 
coafficiant  of  friction,  a  valua  of  03  «  0 
■aana  that  tha  iapulaa  option  will  not  ba 
uaad  for  tboaa  oontacta  uaing  tbia 
function.  If  tha  Impulao  option  la  uaad, 
03  »  (lt0)/2  and  U  ia  tha  claaaloal 
coafficiant  of  raatitution  for  tha  impulaa 
option  (0<D3<1  or  -1<U<*1) . 

If  the  function  ia  to  ba  uaad  for  a 
coafficiant  of  friction  for  a 
globalgraphic  Joint,  the  valua  of  03  ia 
uaad  to  apacify  the  iapulaa.  (Sea  Card 
B.S.) 
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Card  E.2  (continued) 


D4  If  tho  function  ia  to  b«  uatd  aa  a  force 

deflection  function  for  plane-aegaent 
contact  D4.  ia  a  acalar  that  deterainea 
tho  point  of  contact  force  application. 
The  point  of  application  can  be  anywhere 
along  a  line  between  the  point  of  waxiwui 
penetration  and  the  center  of  the 
interaeotion  area.  Supply  aero  for  the 
point  of  waxiauw  penetration  aiid  wuo  for 
the  center  of  the  interaeotion  area 
(0<D4<1). 

If  uaed  aa  the  friction  function  for  a 
roll-alide  oonatraint,  D4  ia  the 
coefficient  of  atatic  friction  to  be  uaed 
for  the  roll  conatraint. 
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If  FI  ig  a  polynoaial,  an  B.3  card  ig  required .  If  FI  Ig  I 
tabular  data,  a  get  of  E.4  cardg  ig  required.  If  F2  exigtg,  an  I 
E.3  card,  for  a  polynogdal  F2,  or  a  get  of  E.4  cardg,  for  a  I 
tabular  F2,  folloea  the  cardg  defining  FI.  I 


Card  E.3  FOBMiT  (0F12.0) 

AO.Al ,A2,A3,A4,AS  Coefficientg  of  a  fifth-degree  polynomial 

¥  •  kO  *  A1«X  *  A2«X«»2  *  A3»X««3 
*  A4»X«g4  ♦  A5»X««5 

(Onitg  are  dependent  on  uge  of  the 
function) 


Card  B.4.a  FOBMAT  (16) 

EPI  The  nugd>er  of  data  pointg  to  be  gupplied 

to  identify  the  function  if  it  ig  defined 
in  tabular  form. 


Cardg  E.4.b  FOBMAT  (0F12.0) 

(X(I) ,T(I) ,l3l ,IPI)  The  abgcigga  and  ordinate  valued  of  the 

data  pointg  uged  to  define  the  tabular 
form  of  the  function.  The  program  will 
linearly  Interpolate  to  determine 
intermediate  valued.  Supply  3  pointg  per 


card;  uge  ag  many  cardg  ag  required, 
lote:  Abgcigga  valueg  mugt  be  gupplied 
in  ageending  order,  gtarting  with  the  I 

lower  abgcigga  value,  DO  or  Dl,  and  t 

ending  with  the  upper  abgcigga  value,  Dl  * 
or  D2 .  I 


(Unitg  are  dependent  on  uge  of  the 
function.) 

Bote:  Alwayg  gupply  a  Card  E.l  with  a  function  number  >  50 
after  all  functione  are  defined  to  dlgnal  the  end  of  the 
function  inputg. 
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Subroutine  XIIFOT  (wind  foroo  and  joint  roatoring  fore* 

function*) 

If  IVIIDF*0  on  Card  0.1,  Cards  1.6  are  not  required. 
Otherwise.  IVIIDF  sets  of  Cards  1.0. a  -  B.O.d  are  required. 

Note:  There  are  now  two  types  of  wind  force  functions.  The 
first  is  the  tiM  dependent  wind  force  function  that  was  in 
previous  versions.  The  coordinate  systew  that  the 
coaponents  of  the  wind  force  pressure  vector  are  specified 
in  can  now  be  selected  for  this  option  (it  was  previously 
the  groxind) .  The  recently  added  second  type  of  wind  force 
function  coaputes  the  wind  force  as  a  function  of  the 
relative  velocity  of  a  segaent.  It  is  based  on  inviscid. 
subsonic  coapressible  flow  theory  for  a  fluid  in  which  the 
segaents  are  coapletely  inaersed.  Also,  there  is  now  the 
option  of  using  a  tiae  dependent  drag  coefficient  of  the 
fora:  F  ■  CD*?  where  P  is  the  wind  force  pressure  coaputed 
either  by  the  tiae  dependent  wind  force  option  or  by  the 
relative  velocity  wind  force  option.  CD  is  the  tiae 
dependent  drag  coefficient  and  F  is  the  wind  force  on  a 
segaent. 


Card  E.6.a  FOBMAT  (It.  4X.  5A4) 

I.XTITLE  Same  as  Card  B.l.  Bach  function  nuaber 

(I)  aust  be  less  than  51  and  aust  be 
distinct  froa  those  supplied  on  Cards 
B.l. 
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Note:  Previous  versions  required  a  blank  Card  E.6.b.  If  the 
time  dependent  wind  force  or  drag  coefficient  option  is 
selected  a  blank  Card  E.6.b  is  required  unless  tbs  orientation 
of  the  wind  forces,  FX,  FT  and  FZ  supplied  on  Cards  E.6.d,  are 
with  respect  to  a  segnent  other  than  the  ground.  In  this  case 
the  reference  segment  identification  nuad>er  (D4)  must  be 
supplied,  with  all  other  Card  E.6.b  parameters  not  required. 

If  the  velocity  dependent  wind  force  option  is  selected,  the 
following  parameters  must  be  supplied. 


Card  £  6b  FOBMAT  (3F12 . 0 ,21 12) 

DO  Ratio  of  specific  heats  of  the  coi^>ressible  fluid 

in  which  the  segments  are  imswrsed.  Required  when 
the  wind  force  is  calculated  as  a  function  of 
velocity.  For  time  dependent  wind  force  functions 
and  drag  coefficient  functions  oust  be  zero  or 
blank.  (Dimensionless) 


D1 


D2 


D3 


D4 


Speed  of  sound  of  the  compressible  fluid  in  which 
the  segments  are  immersed  (in. /sec.).  Required 
when  the  wind  force  is  calculated  as  a  function  of 
velocity.  Mot  used  by  time  dependent  wind  force 
or  drag  coefficient  functions. 

Absolute  pressure  of  the  fluid  in  which  the 
segments  are  immersed  (lbs./in.««2) .  Mote  that  it 
is  assumed  constant,  i.e.  the  change  in  altitude 
of  the  segment  is  assuowd  to  L^e  small.  Required 
when  the  wind  force  is  calculated  as  a  function  of 
velocity.  Mot  used  by  time  dependent  wind  force 
or  drag  coefficient  functions. 

Identification  number  of  the  segment  whose 
velocity  relative  to  reference  segment  D4  is  used 
to  compute  the  velocity  dependent  wind  force. 
Required  «dien  the  wind  force  is  calculated  as  a 
function  of  velocity.  Mot  used  by  time  dependent 
wind  force  or  drag  coefficient  functions. 

Reference  segswnt  identification  number  for  the 
coordinate  system  that  D3’s  velocity  will  be 
relative  to  if  a  velocity  dependent  wind  force  is 
selected.  For  time  dependent  wind  force 
functions,  it  is  the  reference  segment  number 
irtiose  coordinate  system  the  components  of  the  wind 
force,  FX,  FT,  and  FZ  (from  Cards  E.6.d-n)  are 
with  respect  to.  If  zero  or  blank,  default  will 
be  the  ground.  Mot  used  by  drag  coefficient 
functions. 
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Not  roquirod  for  velocity  dopondont  wind  fore*  functions  (DO  «  • 

0  on  Csrd  B.O.b) .  • 


Card  E.6.C 
HTlfPTS 

Hot  roquirsd  for 
0  on  Csrd  B.O.b) . 

Cards  E.O.d 

(MTifPTS  cards) 

T 


PI,PT,PZ 


POIHAT  (16) 

Tbs  nuabsr  of  tias  points  or  cards 
rsquirsd  to  dsfins  tbs  tias  dspsndsnt  I 

wind  fores  function  on  Cards  B.O.d.  I 


velocity  dependent  wind  force  functions  (DO  t  • 

t 

POBMiT  (4P12.0) 


Tiae  (sec.)  associated  with  the  tiae  ! 

dependent  wind  force  function  pressure  I 

vector  or  tiae  dependent  drag  coefficient  • 
Biven  below.  Values  should  be  in  • 

ascending  order  with  first  value  equal  to  I 
zero.  ! 

If  a  tiae  dependent  wind  force  function,  I 
the  X,  y  and  z  coaponents  of  pressure  I 

[force  per  unit  area  (lbs./in.««2) ]  due  I 
to  the  wind  blast  at  tiae  T.  The  I 

coaponents  of  the  pressure  vector  are  • 
with  respect  to  the  local  coordinate  f 

systea  of  segaent  D4  specified  on  Card  f 

B.O.b.  The  prograa  will  use  linear 
interpolation  on  T.  If  the  last  value  of 
T  is  exceeded,  the  corresponding  last 
values  of  PX,  FT  and  PZ  will  be  used  for  ! 
the  reaainder  of  the  run. 


If  a  tiae  dependent  drag  coefficient 
function,  PX  is  the  drag  coefficient 
(diaenslonless)  at  tiae  T,  while  PT  and 
PZ  are  not  used.  The  saae  interpolation 
scheae  and  approach  for  tiae  greater  than 
the  last  T  used  for  the  tiae  dependent 
wind  force  option  also  applies  for  the 
drag  coefficient  function. 
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If  IJRTF«0  on  Card  D.l.  Cardtf  S.7  ara  not  raquirad.  Othamiaa. 
HJNTF  (froa  Card  D.l)  aata  of  Carda  I. 7. a  -  E.7.d  ara  raquirad. 


Tha  B.7  carda  can  ba  uaad  to  provida  Joint  flaxural  apring  ! 
charactarlatica  that  ara  dapandant  on  tao  Joint  anglaa,  I 
flaxura,  THETA  and  aslauth,  PHI.  Thia  Joint  apring  I 
charactariatlc  can  ba  dafinad  aa  a  tao  dlaanalonal  aatrix  of  I 
Joint  torqua  valuaa,  at  avanly  apacad  valuaa  of  THETA  and  PHI.  I 
or  aa  a  aat  of  polynoaiala  dapandant  on  PHI,  for  avanly  apacad  ! 
valuaa  of  THETA.  I 


Card  E.7.a  FOBHAT  (14,  4X.  SA4) 

I.KTITLE  Saaa  aa  Card  E.l  axcapt  that  aaob 

function  nuabar  (I)  nuat  ba  laaa  than  51 
and  auat  ba  diatinct  froa  tboaa  auppliad 
on  Carda  E.l  or  Carda  E.O.a. 


Card  E.7.b 


A  blank  card  ia  raquirad. 


I 


Card  E.7.C 
HTHETA 


NPHI 


FOBHAT  (216) 

Magnituda  indicatas  tba  nuabar  of  coluana 
in  tba  ttao  diaanaional  input  data  aatrix 
to  ba  auppliad  on  Carda  E.7.d.  Tba 
alniaua  valua  la  2.  If  poaitlva,  tba 
ITBBTA  antrlaa  in  aacb  row  will  ba 
tabular  data  for  aqually  apacad  valuaa  of 
tba  Joint  flaxura  angla  (THETA)  bataaan  0 
and  180  dagraaa.  If  nagativa,  tba 
antriaa  will  rapraaant  tba  coaff Iolanta 
of  a  (!ITHETAI-1)  ordar  polynomial  in 
(THBTA-THBTAO) . 

T^a  nuabar  of  rowa  of  tba  aatrix  of  data 
to  ba  auppliad  on  Carda  E.7.d-B.7.n. 

Baob  row  rapraaanta  aqually  apacad  valuaa 
of  tba  Joint  aaiautb  angla  (PHI)  batwaan 
-160  and  ^180  dagraaa,  but  doaa  not 
includa  tba  laat  row  ainca  tba  program 
aaauaaa  data  for  PHI (IP8I4’1)*160  ara  tba 
aaaa  aa  for  PHI (1) *-180.  Minimum  ■  1. 
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Cards  E.7.d 

(IPHI  sets  of  cards 

THBTAO 

F(J)  .J«2.1iTHETA 


FOBMAT  (9F12.0) 

Uss  extra  cards  par  sat  if  ilTHETAI  >  5.) 


Tha  value  of  the  ‘dead  band*  zona  for 
this  value  of  PHI  (DBOBBBS) .  If  tha 
flexure  anile  (THBTA)  is  less  than 
THBTAO,  the  Joint  restoring  torque  will  I 

be  zero .  I 

For  ITHBTA  positive,  tabular  values  of 
the  joint  restoring  torque  (in-lbs)  for  I 

flexure  angles:  f 


TRETA(J)  «  (J-l)«ieO/(liTHETA-l)  degrees 

Values  of  zero  should  be  supplied  for 
THETA  <  THETAO. 

For  HTHETA  negative,  the  coefficients  of 
a  polynonial  lor  the  Joint  restoring 
torque  (in-lbs)  in  (THITA-THETAO)  of 
order  one  less  than  the  Magnitude  of 
ITHBTA.  F(J)  is  the  coefficient  of 
(THBTA-THETA0)«*(J-1)  where  (THETA- 
THETAO)  is  expressed  in  radians. 
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F.  Subroutine  FIHPUT  (nl lowed  oontectc) 

On  wany  of  the  F  Carde,  a  cegaant  nuaber  to  iifaioh  a  plane  or 
ellipeoid  la  attached  ia  retired.  Tbeae  aegaant  nuabera  refer 
to  the  index  I  for  the  aegaanta  defined  on  the  B.2  oarda,  the 
vehicle  aegaent  nuaber  froa  the  C  earda  or  the  ground  aegaent 
nuaber.  The  inertial  or  ground  aegaant  ia  aaaigned  a  aegaent 
nuaber  lOBlID.  IKiere  IQBID  ia  equal  to  the  aua  of  ISIQ  (Card 
B.l),  the  nuaber  of  vehiclea  (Carda  C) .  IBAQ  (Card  D.l)  and 
one. 

If  HPL  ia  nonzero  on  Card  D.l,  Carda  F.l  are  required. 


Card  F.l. a  FOBMAT  (1814)  If  I?L>18,  uae  2  earda. 

lilfPL(J)  ,J«1  .HPL  For  plane  J.  the  nuaber  of  aegaanta  for 

nbich  aegaent-plane  contact  la  allowed. 

HPL  ia  the  ntuaber  of  planea  froa  Card 
0.1.  The  value  of  any  IHPL  for  plane  J 
aay  be  zero  and  the  aaxiaua  value  ia  5. 
However,  if  it  ia  required  to  have  aore 
than  S  aegaanta  contact  the  aaae  plane, 
aet  up  two  or  aore  identical  planea  and 
perait  a  aaxiaua  of  5  aegaanta  to  contact 
each  plane.  The  aaxiaua  total  nuaber  of  I 
plane-aegaant  contacta  la  70.  • 


For  each  plane  J,  IIHPL(J)  carda  of  the  following  nuat  be 
aupplied. 

Carda  F.l.b  FOBMAT  (1014)  8 

IJ  The  plane  nuaber  for  ebicb  contact  ia 

allowed.  U  auat  correapond  to  J  above. 
There  auat  be  MIPL(J)  carda  with  thia 
aaae  HJ.  If  IMPLfJ)  -  0,  no  IJ  -  J 
ahould  be  preaent. 


HS(l)  The  aegaent  nuaber  to  which  plane  J  ia 

attached. 

IS (2)  The  aegaant  nuaber  (deterained  by  the 

card  nuaber  I  under  Card  B.2. a)  for  which 
contact  with  the  IJth  plane  la  allowed. 
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Cardi  F . 1 
■S(3) 


■F(l) 


W{2) 


■F(3) 


b  (continued) 

The  nuBber  of  tbo  oontnot  • 

(hyp«r)«lllpsoid  Miooiniod  with  tbt  • 

aogMnt  18(2).  If  nogntivo,  tbo  contact  • 
location  printed  in  the  tabular  tiae  t 

biatory  for  thia  contact  will  be  in  the  • 
local  reference  coordinate  ayatea  of  f 

ae^aant  18(2),  if  poaitive,  it  will  be  f 
for  aegaeat  18(1).  • 

The  function  lo.  froa  Card  S.l  to  define 
the  force  deflection  function  for  thia 
contact. 

If  IF(1)«0,  a  roll-alide  conatraint  will 
be  exerciaed  by  the  prograa  for  thia 
contact  which  doea  not  require  IF(2). 

HF(3)  or  IF (4)  but  doea  require  a 
friction  coefficient  function  to  be 
defined  by  IF(S).  Alao,  the  initial 
poaitiona  on  Carda  0.2  auat  be  auch  that 
there  ia  no  contact  at  tiaa  >  0.  Iota:  • 

The  roll-alide  option  cannot  be  uaed  with  $ 
hyperellipaoida.  • 

If  poaitive,  the  function  Mo.  fron  Card  I 
B.l  to  define  the  inertial  apike  function 
for  thia  contact.  If  aero  or  negative, 
no  inertial  apike  exiata. 

If  negative,  the  nagnitude  apecifiea  the 
function  Mo.  for  F2  of  the  rate  dependent 
functiona  deacribed  below. 

If  poaitive,  the  function  Mo.  froa  Card  I 

E.l  to  define  the  B  (energy  abaorption) 
factor  function.  A  value  of  B"1 
indicatea  that  all  energy  ia  recovered 
(no  loaa)  and  B*0  indicatea  that  no 
energy  ia  recovered.  If  MF(3)>0,  B*1  la  I 

aaauawd  (default) .  I 

If  negative,  the  nagnitude  apecifiea  the 
function  lo.  for  F3  of  the  rate  dependent 
functiona  deacribed  below. 
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I 


Cards  F.l.b  (continuad) 

IF(4)  If  positiva,  iha  function  Ho.  from  Card  I 

E.l  to  dafina  tha  Q  (paraanant 
daflaotion)  factor  function.  If  1F(4)«0,  * 

a«0  is  aaauaad  (default) .  ! 

If  nadativa,  tha  aalnituda  spacifiaa  tha 
function  Ho.  for  F4  of  tha  rata  dependant 
functions  described  baloiv. 

HF(5)  Tha  function  Ho.  froa  Card  B.l  to  define 

tha  friction  coafficiant  ftinction.  If  a  I 
roll-slide  constraint  is  used  for  this  ! 
contact  (HF(1)*0),  tha  value  of  D3  on  ! 

Card  B.2  for  this  function  should  be  0.5. 


Hots:  By  defining  HF(2) ,  HF(3)  and  HF(4)  as  all  negative,  tha  I 
contact  force  is  defined  by  deflection  and  rata  dependant  ! 
functions,  instead  of  tha  inertial  spike,  B  factor  and  G  factor  * 
functions.  Tha  coablnad  daflaotion  and  rata  dependant  function  I 
la  defined  by;  ( 

Wien  D>0,  F(D,D')  «  FKO)  ♦  F2(D)»F3(D’)  «  F4(0’)  I 

When  D<0,  F(D,D')  >  0.  ( 

Nhara  0  and  0’  are  tha  deflection  and  rate  of  daflaotion  and  I 
FI,  F2,  F3  and  F4  are  functions  spaclflad  by  HF(1),  HF(2),  I 
HF(3)  and  HF(4) .  raspactivaly.  If  HF(2),  HF(3)  or  HF(4)  is  ! 
zero,  the  corresponding  function  (F2,  F3  or  F4)  is  zero.  I 

Hota:  Thera  can  not  be  a  six  of  positiva  and  negative  values  I 
for  HF(2),  HF(3)  and  HF(4),  l.e.  they  Bust  all  be  either  zero  t 
or  positive,  or  they  Bust  all  be  zero  or  negative.  t 

Cara  aust  be  taken  in  defining  FKD),  F2(D) ,  F3(D’)  and  F4(D’},  ! 
so  that  F(D,D')  is  not  negative  for  any  possible  values  of  D  I 
and  D ' .  ! 
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Cardi  F.l.b  (ooatinuad) 


n  Indloator  for  tha  plaaa-aagMnt  adgo 

•ffaot  option  and  infinita  plana  options: 

IX"0  -  standard  finita  plana  tast.  Ho 
foroa  is  appliad  unlass  tba 
oantar  of  tba  intarsacting 
all ipsa  is  witbin  tba  plana 
boundarias.  Ho  forca  is  appliad 
for  eonplata  panatratlon  of  tba 
(bypar) allipsoid . 

IX>0  -  adga  affaot  tast.  Hban  only  part 
of  tba  intarsaoting  allipsa  is 
witbin  tba  plana  boundarias,  tba 
daflaotion  and  corraspondlng 
forca  ara  oaloulatad  at  tba 
oantroid  of  tba  araa  of  tba 
allipsa  that  is  witbin  tba  plana 
boundarias.  Ho  foroa  is  appliad 
for  eonplata  panatration  of  tba 
(bypar)allipaoid.  This  option 
cannot  ba  usad  with  a 
byparallipsoid  that  bas  unaqual 
powars . 

Hfa-l  -  tba  plana  is  assunad  infinita. 
Tbarafora  no  boundary  tast  is 
nada.  Ho  foroa  is  appliad  for 
eonplata  panatration  of  tba 
(bypar) allipsoid. 

HX*-2  -  tba  plana  is  assiasd  infinita. 
Tbarafora  no  boundary  tast  is 
nada.  i  foroa  is  appliad  for 
eonplata  panatration  of  tba 
(bypar) allipsoid. 

HX<-2  -  standard  finita  plana  tast.  Ho 
foroa  is  appliad  unlass  tba 
oantar  of  tba  intarsacting 
allipsa  is  witbin  tba  plana 
boundarias.  A  foroa  is  appliad 
for  cosplata  panatration  of  tba 
(bypar) allipsoid. 
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II  IBLT  ii  nonztro  on  Card  D.l,  Cnrda  F.2  ar«  roquirod. 


Card  F.2.a  FOBMAT  (tI4) 

IIMBLT(J) .J«l ,IBLT  For  bait  J.  tba  nuabar  of  aalaanta  for 

ahioh  aafaant-balt  intaraction  it 
alloiMd.  IBLT  if  tba  nioibar  of  balta 
from  Card  D.l.  Baeb  mLT  aay  bava  a 
valua  of  only  0  or  1. 


For  aach  bait  J,  ITOLTfJ)  oarda  F.3.b  auat  ba  auppliad. 


Cards  F.2.b 
MJ 

HS(l) 

NS  (2) 

NS(3) 

MF(1) 

IF(I) .I>2.4 


FOBMAT  (014) 

Tba  bait  nuabar  to  ba  oontactad,  auat 
corraapond  to  J  abova.  Tbara  auat  ba 
lanLT(J)  cards  with  tba  aaaa  NJ.  If 
IHBLTfJ)  >  0.  no  IJ  «  J  should  bo 
praaant . 

Tba  sagaant  nuMbar  to  abieb  bait  MJ  is 
attaobad. 

Tba  aagaant  nuabar  (datarainad  by  tba 
card  nuiid>ar  I  undar  Card  B.2.a)  for 
lAiob  intaraction  with  tba  Utb  bait  is 
allotwd. 

Tba  ninabar  of  tba  contact  allipsoid 
aaaociatod  with  tba  aagaont  IS(2).  Iota:  0 
Hyparallipaoida  can  not  ba  uaad  with  this  • 
option.  0 

Tba  function  nuabar  froa  Card  E.l  to 
dafina  tba  forca-dsf laction  function  for 
tbia  contact.  Tba  abscissa  for  this 
function  should  ba  strain  (in/in). 

Saaa  dafinition  as  on  Card  F.l.b  abova. 


■F(5)  If  non-saro,  full  bait  friction  is 

assiiasd,  i.a.,  forcas  ?ra  coaputad  for 
aach  half  of  tba  bait  saparataly.  If 
zaro,  taro  bolt  friction  is  assuMd, 
i.a.,  bait  tansion  is  tba  saaa  at  both 
bait  anchor  points. 

Note:  The  use  of  rata  dapandant  functions  as  dafinad  undar 
cards  F.l.b  is  not  paraittad  for  balt-sagaant  contacts. 
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Card  F.3.A  ii  alwayg  required.  It  Mey  be  blank  to  ipecify  that 
no  eegment-segaent  forces  are  to  be  conputed  by  the  progrtm. 


Card  F.3.a  FOBMAT  (1814)  If  ■SEa>18,  use  two  cards. 

lOISEQ(J) ,J«1 ,ISEG  For  seEaent  J,  the  nuaber  of  sefaents  for 

nhich  seEasnt*  aent  contact  is  allowed. 
I8EQ  is  the  nuaber  of  segaents  froa  Card 
B . 1 .  Each  seEaent  contact ,  A  versus  B . 
aay  be  inputted  either  way  except  where 
an  interior  contact  is  desired  (see 
ISO)). 

Any  or  all  values  of  MHSEG  aay  be  xero. 

The  aaxiaua  value  for  each  IBSEQ  is  S. 

The  aaxiaua  total  nuBd>er  of  seEaent-  I 

seE  Bwnt  contacts  is  40.  • 

For  each  seEaent  J,  lilSBG(J)  cards  F.3.b  aust  be  supplied. 


I  Cards  F . 3 . b 

I 


iS(l) 


NS  (2) 

18(3) 


NF(I) ,I»1.5 


FORMAT  (014) 

The  seEaent  nuaber  to  be  contacted,  it 
Bust  correspond  to  J  above.  There  aust 
be  MnBG(J)  cards  with  this  saae  HJ.  If 
MiSBG(J)  >  0.  no  IJ  >  J  should  be 
present. 


The  nuaber  of  the  contact  • 
(hyper)ellipsoid  associated  with  seEaent  • 
HJ.  A  hyperellipsoid  aust  have  equal  f 

powers .  f 


The  seEaent  nxmbw  (deterained  by  the 
card  nuaber  I  under  Card  B.2.a)  for  which 
contact  with  the  Uth  seEaent  is  allowed. 

The  nuaber  of  the  contact 
(hyper) ellipsoid  associated  with  the 
seEMnt  18(2).  A  hyperellipsoid  aust 
have  equal  powers.  If  neEative,  an 
interior  contact  will  be  assuaed  with 
ellipsoid  18(1)  inside  iS(3) . 
Ryperellipsoids  can  not  be  used  for 
interior  contacts. 

8aae  definitions  as  on  Card  F.l.b  above. 


Note:  The  use  of  rate  dependent  functions,  as  defined  under 
Cards  F.l.b,  is  peraitted  for  seEaent -seEaent  contacts. 
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If  UIT  it  nonzero  on  Cnrd  B.l,  Card  F.4.n  it  required.  Supply 
IQL0B«1  for  Slobelgrephia  option,  otherwite  tupply  0  or 
blenk. 


Card  F.4.a  FOBIUT  (1814)  If  BJIT>18,  ute  two  cardt. 

laLOB(J) .J-l.BJHT  For  each  joint  J.  tupply  1  for  IGLOBCJ) 

If  IPII(J)  it  *3  or  -3  on  Cardt  B.3.a  - 
B.3.j:  otherwlte  tupply  zero  or  blank. 

One  card  F.4.J  Mint  be  tupplied  below  for 
each  J  for  which  IQLOB(J)  *1. 
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C«rd«  F.4.b 


FOBMAT  (914) 


HJ 

VS(I) ,I>1.3 
VFd) 


VF(2) 


MFd)  ,1*3,5 


The  ideniif loatlon  nuabw  for  • 
global graph la  Joint,  auat  corraapond  to  J 
abova  and  earda  auat  ba  auppllad  in 
aacanding  ordar  on  IJ. 

Currantly  not  uaad  by  prograa. 

Tha  function  nuabar  from  Card  E.l  to 
dafina  tha  torqua-daflaotion  for  thia 
globalgraphio  Joint.  Tha  ordlnata  for 
thia  function  ahould  ba  torqua  (in. -lb.) 
and  tha  abaclaaa  la  tha  angular 
daflaction  (radiana)  Into  tha  atop. 

Tha  function  nui^ar  from  Card  B.l  to 
dafina  tha  Barron  foraulaa  for  T  (Joint 
atop  angla  in  radiana)  and  Ita  darivativa 
TP  with  raapact  to  PHI  both  aa  functiona 
of  PHI  (tha  Joint  angla  from  tha 
rafaranca  axia  in  radiana) .  loraally 
thay  will  ba  coaiputad  by: 

T  ■  PI  ♦  SP»P2 
TP  •  PI'  ♦  CP«P2  ♦  SP»P2’ 

iriiara  PI .  P2  ara  tha  5th  dagraa 

polynowial  avaluationa  of  COS (PHI) 
ualng  tha  two  polynowiala  FI  and  F2 
obtainad  by  aatting  both  D1 ,  D2  >  0 
on  Card  1.2; 

PI',  P2’  ara  tbair  darivatlvaa  with 
raapact  to  PHI; 

and  CP.  SP  ara  COS  (PHI)  and  Sl)i(PHl). 

If  Dl,  D2  ara  not  both  poaitiva,  T  and  TP 
will  ba  avaluatad  aa  functiona  of  PHI  in 
radiana  (0  <  PHI  <  2aPI)  aa  apacifiad  on 
Carda  B.l  -  B,4  for  function  HF(2). 

Sawo  dafinitiona  aa  on  Card  F.l.b  abova 
axcapt  that  tha  uaa  of  rata  dapandant 
functiona  ia  not  parwittad. 


F-8 


Rav  IV. 0 


93 


If  IJIT>0  (Card  B.l)  and  IJHTP>0  (Card  D.l),  Card  F.S.a  i« 
raquirad. 

If  IJIT>0  and  HJMTF-0.  tha  pro^raa  will  sat  tha  JOIHTF  array  to 
zaro  and  Card  F.S.a  is  not  raquirad. 


Card  F.S.a  FOBMAT  (1814)  usa  two  cards  if  NJIIT  >  18. 

JOIIRF(J) , J«1  ,liJIT  For  aach  Joint  (J) .  tha  function 

identification  nusibar  as  supplied  on 
Cards  E.7.a  to  be  used  by  Subroutine 
VISPB  to  oowputa  tha  Joint  restoring 
force  by  Function  FITBBP.  If  zero,  the 
values  of  SPBIlQd .3«J-2)  as  supplied  on 
Cards  B.4.a  will  be  used  using  Function 
EJOIHT. 


If  HBAQ  4  0.  IBAQ  cards  of  tha  following  wust  be  stippliad. 

Sinca  tha  air  bag  routinas  do  not  usa  tha  foroa-daf laotion 
functions,  this  input  has  diffarant  forwats  than  for  tha  abova 
allowed  contacts. 

Cards  F.6  FOBMAT  (214.  2012) 

K  Tha  air  bag  nuabar  corrasponding  to  tha 

indax  J  undar  Cards  D.4  abova.  K  wust  ba 
in  nuaario  ordar  K  «  1  to  IBAQ,  idiora 
IBAQ  is  tha  nuabar  of  air  bags  dafinad  on 
Card  D.l. 


■K  Tha  nui^ar  of  sagaants  allowad  to  contact 

tha  Kth  air  bag.  Tha  aaxiaua  valua  is 
10.  If  EX  «  0,  tha  raaaindar  of  tha  card 
is  blank. 


MBAQ(2,I,K),  Tha  sagasnt  nuabars  (datarsdnad  by  tha 

IIBA0(2,I,K)  ,I*1,MK  card  nuid>ar  I  under  Card  B.2.a)  each 

followed  by  tha  nuabar  of  tha  associated 
contact  ellipsoid  for  which  contact 
forces  with  tha  Kth  air  bag  will  ba 
cowputad.  lota:  Hyparallipsoids  can  not  f 
ba  used  with  the  airbag  routinas.  f 
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If  HWIin)F*0  on  Card  0.1,  Card*  F.7  ara  not  raqulrad  and  tba 
program  will  sat  tba  MIKBG  array  to  zaros.  Otbarwisa,  Cards 
F.7  ara  raqulrad. 


Card  F.7. a  FORMAT  (1814)  usa  two  cards  if  ISEO  >  16. 

MNSBOd ,J) ,J«1 .ISEQ  For  aacb  sagwant  J,  supply  zaro  if  no 

wind  forea  calculations  ara  to  ba 
parforiMd.  Otbarwisa,  supply  a  valua  of 
ona  to  indicata  wind  forcas  ara  to  ba 
coBg>utad . 


Supply  a  Card  F.7.b  for  aacb  sagaant  (J)  sbara  MMSBQ(1,J)  >  1. 

Card  F.7.b  FORMAT  (7I4.23I2/2BX,BI2)  • 

JJ  Tba  sagaant  Idantifieation  nuabar  froa 

Cards  B.2.a  for  wblcb  wind  forea 
calculations  ara  to  ba  parforaad.  Must 
corraspond  to  J  froa  Card  F.7. a  and  ba 
suppliad  in  asoanding  ordar. 


If  nagativa  tba  wind  fores  will  ba  • 
caloulatad  using  an  ovarlaying  grid,  • 
allowing  for  blocking  by  other  sagasnts.  # 
(lota:  This  option  nay  significantly  • 
incraasa  run  tiaa.)  • 


MIISEG(2,J)  Tba  nuad>ar  of  tba  contact  allipsoid  to  ba 


assooiatad  with  sagaant  ninibar  JJ. 
Byparallipsoids  can  not  ba  usad  with  this  • 

option.  • 

MRSEGO.J)  Tba  sagaant  idantifieation  nuabar  (MSEQ^’l  I 

for  tba  vablcla  associatad  with  plana  I 

nuabar  MMBBG  (4.J).  ! 
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C«rd  F.7.b  (continued) 


illlBBa(4,J) 

lliSEG(5,J) 

MNSZQCe.J) 

IMSEa(7,J) 

(M0BBBa(3K>l,J) , 
l»WSEa(3X.J)) . 
K>l.lllBEa(7.J) 


Tho  plan*  identification  nuaber  froB  Card 
D.2.a  thPouEh  abich  if  cegBent  J  paeeee, 
wind  force  calculation*  will  be 
perfopBod. 

The  function  number  froB  Card  E.O.a  for 
the  Bind  force  function  to  be  u**d. 

The  function  nuaber  froB  Card  E.O.a  for 
the  dra#  coefficient  function  to  be  used. 
If  sero  or  blank,  1.0  Bill  be  u**d  for 
the  drag  coefficient. 

I\ari>ep  of  aegBent*  that  aay  block  eegaent 
JJ  fpoB  the  Bind  force.  Only  u**d  if  JJ 
i*  negative. 

The  aegaent  identification  nuaber  and 
contact  ellipaoid  number  of  the  poaaibl* 
aegaonta  blooking  aegaent  JJ  froa  the 
Bind  force.  Daed  only  if  JJ  la  negative. 
If  MBBGfT.J)  >11,  ua*  a  aecond  card, 
leaving  the  firat  field  of  38  coluana 
blank.  If  1MBBG(7,J)  *  11,  a  aecond 
card,  ooapietely  blank  abould  folloB  thia 
card. 
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F.8  Subroutine  HIHPUT  -  Card  input  lor  barnean-bolt  ayatoM. 
If  VHBMSS  a  0  on  Card  0.1,  Carda  F.8  auat  ba  auppliad. 


Card  F.8. a  FOBMAT  (814) 


IBLTPH(I) . 


luabar  of  individual  balta  for  aaob  barnaaa 
lo.  I.  May  ba  taro  or  blank.  Maxinm  value 
of  tba  aua  of  all  IBLTPH  la  20. 


Card  F.8. a  ia  follovad  by  IHBI88  aata  of  Carda  F.8.b  -  F.8.d. 

Card  F.8.b  F0BMAT(1814)  uaa  two  aarda  if  IBLTPH(I)>18. 

IIPTSPB(J).  Tba  nu^ar  of  rafaranca  pointa  inoludins 
J-1  .IBLTHPd)  anchor  pointa  for  bait  lo.  J  of  barnaaa  lo.  I. 

May  ba  zero  or  blank.  Tba  ■axlnua  valiia  of 
tba  auB  of  all  IPT8PB  for  all  barnaaa-balt 
ayataaa  ia  100.  Tba  naxiauai  value  of  tba  aun 
of  all  IPT8PB  for  any  one  barnaaa  bait  ayatan 
ia  80.  Tba  ■axiauB  value  of  any  individual 
IPT8PB  la  28. 


Each  Card  F.B.b  ia  followed  by  IBLTPB(I)  aata  of  Carda  F.8.e  - 
F.8.d. 


Card  F.8.C 


FOBMAT  (814.  F13.0) 


IF(L),L>1,5  Tba  function  nuBbara  froB  Carda  B.l  to  define 
tba  atraaa-atrain  of  bait  lo.  J.  Tba 
definition  of  tbaaa  funetiona  are  identical  to 
tboaa  of  IF(1)  to  IF (5)  on  Carda  F.3.b,  except 
that  tba  uaa  of  rata  dependant  funetiona  ia 
parBlttad.  IF (8)  la  currently  not  uaad  by  tba  I 
prolraB.  I 


XLOia(J)  Tba  initial  alack  (in)  of  bait  lo.  J.  A 

negative  value  can  ba  apacifiad  to  indicate  a 
pra-tigbtanad  bait.  Tba  prograB  will  add  tbia 
to  tba  Initial  gaoaatrlc  length  to  obtain  tba 
initial  bait  length  and  diatributa  the  alack 
proportionately  between  tba  pointa. 
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Bftch  Card  F.6.c  ia  follotMd  by  MPTSPB(J)  pain  of  F.S.dl  and 
F.8.d2  oarda  to  apacify  tha  rafaranoa  pointa  (K)  for  bait  (J) 
of  barnaaa  (I). 


Card  F. 
KS 


KE 


MPD 


NDB 


8.dl  FOBMET  (014.  3F12.0) 

Tba  aagaant  aaaociatad  with  rafaranca  point 
(X).  If  a  tla-point  ia  baing  uaad,  KS  ia  tba 
auB  of  tbia  aagaant  nuabar  and  100«KTP,  whara 
KTP  ia  a  tia-point  idantif ication  nuabar.  All 
pointa  (K)  of  barnaaa  (I)  that  bava  tba  aaaa 
non-saro  valua  for  KTP  (tbara  abould  ba  only 
ona  for  aach  bait  (J) )  will  ba  connaotad  and 
abould  bava  idantical  valuaa  for  all  otbar 
input. 

Tba  idantif  ication  nu^ar  of  tba  contact 
allipaoid  aaaociatad  aitb  rafaranca  point  Ho. 

K.  If  no  allipaoid  ia  apacifiad  (KB>0) ,  tba 
prograa  will  aaauaa  a  unit  apbara. 
Hyparallipaoida  can  not  ba  uaad  with  tba 
barnaaa  bait  option. 

Indicator  for  tba  prafarrad  diraction  option. 

If  a  non~aaro  intagar  ia  givan,  a  non-aaro 
vactor  auat  ba  apacifiad  for  BAB(L,K),  L*  10, 

12  on  Card  F.8.d2.  Tba  rafaranca  point  will 
ba  allowed  to  aova  along  tba  aurfaca  in  a 
diraction  wbicb  ia  parpandicular  both  to  tbia 
vector  and  to  tba  noraal  of  tba  aurfaca 
aubjact  to  tba  oonatraint  iapoaad  by  J>2  of 
function  IF (5)  balow.  If  ■P1>*0,  tba  noainal 
bait  lina  la  uaad  in  place  of  tbia  vactor. 

IPD  auat  ba  nonaaro  if  point  Ho.  K  ib  a  tia- 
point.  lota:  Specifying  a  prafarrad 
diraction  (IPD  •  0)  raquiraa  that  tba 
rafaranca  point  ba  allowed  to  aova  (IDB  •  0). 

If  tba  bait  la  paraittad  to  alip  (IDB  ■  0), 
tbara  auat  ba  no  prafarrad  direction  option 
(IPD  «  0). 

Indicator  for  tha  delta  B  option.  If  IDB  *  0, 
bait  (J)  will  ba  allowed  to  alip  at  rafaranca 
point  (K).  If  IDB  t  0.  bait  (J)  will  not  alip 
but  rafaranca  point  (K)  will  ba  aovad  along 
tha  noainal  bait  lina.  In  both  caaaa  tha 
allppaga  or  action  ia  aubjact  to  tha 
conatraint  iapoaad  by  tba  coefficient  of 
friction  given  by  D4  of  function  IF (5)  balow. 

IDB  auat  ba  non-aaro  for  and  rafaranca  (tie  or  I 
anchor)  pointa  of  tba  bait.  ! 
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Card  F.S.dl  (continuad) 


HF(L) ,L«1.4 


MF(5) 


BAB(L.K) ,L«1 


Tba  function  nuabara  froa  Carda  E.l  to  daflna 
tba  forca  daflaetion  function  bataaan  bait  (J) 
and  rafaranca  point  (K) .  If  IF(1)  >  0,  tba 
aurfaca  ia  traatad  aa  rigid  and  no 
parturbation  of  tba  rafaranca  point  noraal  to 
tba  aurfaca  ia  allowad.  Tba  uaa  of  rata 
dapandant  functiona.  aa  dafinad  undar  Carda 
F.l.b,  ia  paraittad. 

Tba  function  nuabar  from  Card  E.l  to  dafina 
tba  friction  coafficianta  for  bait  (J)  at 
rafaranca  point  (K) .  Two  oonatant  valuaa  ara 
to  ba  dafinad  on  Card  E.3  of  tbia  function  by 
aatting  DD  ■  01  «  D3  ■  0.  02  ia  tba 

coafficiant  of  friction  parpandicular  to  tba 
nominal  bait  llna  along  tba  aurfaca  and  04  ia 
tba  coafficiant  of  friction  along  tba  nominal 
bait  lina.  If  IF(S)  •  0,  infinita  friction  ia 
aaaumad.  It  abould  ba  notad  that  tba  anchor 
point  ia  traatad  aa  any  otbar  point. 

Tbarafora,  if  tba  anchor  point  ia  to  ba 
rigidly  attaehad,  IIF(S)  >0  auat  ba  auppliad. 
Evan  with  tba  anchor  point  rigidly  attacbad, 
it  can  atill  mova  along  tba  normal  to  tba 
allipaoid  (K  •  0)  or  to  tba  unit  aphara  (K  ■ 

0)  bacauaa  of  panatration.  If  tba  anchor 
point  ia  not  to  mova  at  all,  VF(1)  ■  0  abould 
alao  ba  auppliad. 

,3  Tba  X,  y  and  z  coordlnataa  (in)  of  rafaranca 
point  (K)  of  bait  (J) .  If  a  contact  allipaoid 
ia  apacifiad  (K  *  0  ) ,  tba  vactor  ia  aaaumad 
to  ba  oriantatad  with  raapact  to  tba  local 
coordinate  ayatam  K8,  but  tranalatad  aucb  that 
ita  linear  dimanaiona  ara  with  raapact  to  the 
canter  of  the  contact  allipaoid  KB.  Tba 
auppliad  valuaa  will  ba  adjuatad  by  tba 
program  to  lie  on  tba  allipaoid  aurfaca.  If 
no  contact  allipaoid  ia  apacifiad  (K  «  0) ,  a 
nonzero  vactor,  apacifiad  in  tba  local 
coordinate  ayatam  of  KS,  auat  ba  auppliad. 

Tbia  vactor  apacifiaa  tba  direction  of  tba 
normal  in  tba  parturbation  coordinate  ayatam 
uaad  to  raaolva  the  bait  aagaant  forcaa.  Tba 
program  will  aaauaa  that  bait  (J)  will  run 
through  the  polnta  in  tba  apacifiad  order. 
However,  if  the  forcaa  ara  aucb  aa  to  pull  the 
bait  away  from  tba  aurfaca,  tbia  point  will  ba 
ignored  if  it  ia  not  a  tie  or  anchor  point. 

F-14  Rev  IV. 0 


99 


C«rd  r.8.d2 

BAB(L.K) . 
L»7,9 


BAB(L.K) , 
L>10.12 


rOBMAT  (0F12.0) 

If  KB  ■  0.  i.*.  no  oontact  •lllpnoid,  tbo  x.  y  I 
and  s  coordlnatoa  (in)  of  tbo  of foot  in  tbo  I 

local  coordinato  oyotoa  of  oogMnt  KS.  Tbio  I 

voctor  io  addod  to  tbo  roforonoo  vootor 
dofinod  abovo  (L*l,3)  to  dotoraino  tbo 
location  of  tbo  roforonoo  point  (K)  rolativo 
to  tbo  oontor-of-aaoa  of  oogaont  KS.  If  KE  •  ! 

0,  i.o.  tboro  io  a  contact  ollipooid,  any  I 

ouppliod  valtio  io  iSnorod  and  tbo  ollipooid  I 
offoot  valuo  P2(I)  opocifiod  on  Card  D.S  io  I 
uood  inotoad.  I 

Tbo  X,  y  and  t  coordinatoo  of  a  voctor  in  tbo 
local  coordinato  oyotoa  of  oogaont  KS.  Tbio 
vootor  io  uood  for  tbo  proforrod  diroction 
(ooo  IPD  abovo) .  Tbio  vootor  auot  not  bo 
parallol  to  tbo  noraal  cooputod  froa  BAB(L,K) , 
for  L*l,3  abovo. 
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9.  Subroutine  INITAL 


Card  9 . 1 . a 

ZPLT(I) .I»1.3 

II 

J1 

12. J2 

13 


FOIMAT  (3F10.0.  SI4) 


The  X,  y.  and  z  printer  plot  coordinates  I 
(for  Subroutine  PBIPLT)  of  the  origin  of  ! 
the  primary  vehicle  reference  system.  I 

0  <  X  <  61 
0  <  Y  <  61 
0  <  Z  <  121 


A  value  of  15  is  required  to  call 
Subroutine  EQUILB  and  process  Cards  9.4, 
9.5  and  9.6. 


If  non-zero.  Card  9.1.b  is  required  to 
define  scaling  information  for  the 
printer  plots. 


Currently  not  used  by  the  program. 


If  zero,  segment  linear  and  angular  ! 

velocities  are  not  supplied  on  the 
following  cards  but  are  set  eqxial  to  the 
initial  primary  vehicle  velocity.  If  ! 

13  •  0,  SE9LV  and  llliiDB9  must  be  supplied  t 
on  cards  9.2  and  9.3.  I 
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If  J1  ii  ztro  or  blank  on  Card  Q.l.a,  tha  following  Card  0.1. b 
abould  not  bo  auppliod  and  default  value*  of  10.0,  6.0  and  1.0 
will  be  ueed  for  the  SPLT  array. 


Card  0.1. b 

SPLT(l) 

SPLT (2) 

SPLT (3) 


FORMAT  (3P10.0) 


The  nuaber  of  horizontal  print  poeitione 
per  unit  length  for  the  output  unit  that 
will  print  the  printer  plot*  produced  by 
Subroutine  PRIPLT  (noraal  value  ie  10.0 
for  10  apace*  or  coluan*  per  inch) . 


The  nuaber  of  vertical  print  line*  per 
unit  length  (noraal  value*  are  6.0  or  8.0 
for  6  or  6  line*  per  inch) .  The  program 
u*e*  only  the  ratio  of  SPLT(l)  to  SPLT (2) . 


Scale  factor  that  repreeent*  the  distance 
(inches  or  length  unit  on  Card  A. 3) 
between  vertical  print  line*  for  the 
printer  plot*.  Rote:  The  printer  plot 
was  originally  designed  for  120X60  unit* 
(inches)  along  the  z  and  x  or  y 
direction*  which  aay  not  be  satisfactory 
for  certain  situation*  (e.g.,  aetric 
units) . 
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One  G.2  card  must  be  supplied  for  each  reference  Segokent  ix.c., 
segment  No.  1  and  for  each  segment  J  where  JHT(J-l)  =  0  on 
Cards  B.3)  in  ascending  segment  number  sequence. 


Cards  G.2  FORMAT  (6F10.0) 

SEQLPd , J) , 1=1 ,3  The  initial  x,  y,  and  z  coordinates  of 

reference  segment  J  in  the  inertial 
reference  (in) . 

SEOLV (1 , J) , 1= 1 . 3  The  initial  x,  y.  and  z  components  of 

velocity  of  reference  segment  J  in  the 
inertial  reference  (in/sec) .  These 
fields  may  be  left  blank  if  13  =  0  on 
Card  Q.l  in  which  case  the  initial 
velocity  of  the  primary  vehicle  will  be 
used . 


WSEG  sets  of  cards  G.3.a-a.3.b  are  required. 

Cards  0.3. a  FORMAT  (8F10.0,  413) 

yPR( I , J) . 1=1 .3  The  initial  rotation  angles  (degrees)  of 

the  Jth  segment  about  the  local  z,  y  and 
X  axes  of  the  segment  given  by  ID(4,J)  in 
the  order  specified  by  ID(I ,J) ,1  =  1 ,3 
below. 

WM^iDEGd  ,J)  ,1  =  1 ,3  The  initial  components  of  angular 

velocity  about  the  local  x,  y  and  z  axes 
of  the  Jth  body  segment  (deg/sec) .  If  13 
=  0  on  Card  Q.l,  the  initial  angular 
velocity  of  the  primary  vehicle  will  be 
converted  to  the  segment  reference  and 
used . 

IDd,J),I  =  I,3  Indicators  used  to  specify  the  order  of 

the  axes  of  the  rotations  given  in  YPR 
above.  (See  complete  definition  under 
Cards  B.3.a2.)  Zeros  or  blanks  will 
default  to  1 ,  2  and  3  to  indicate  that 
the  standard  sequence  of  yaw.  pitch  and 
roll  is  reversed  (as  required  by  versions 
previous  to  18A  of  the  program)  . 

Values  of  3,  2,  1  indicate  that  the 
standard  yaw,  pitch  and  roll  sequence 
will  be  used. 
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Cards  G.3.a  (continued) 


Values  of  3,  1,  -3  indicate  that 
precession,  nutation  and  spin  for  Euler 
Joints  will  be  used. 

A  negative  value  for  ID(1,J)  indicates 
that  projections  or  projection  angles  of 
the  local  axes  of  segment  J  will  be  used  I 
instead  of  the  initial  rotation  angles  ■ 
and  that  a  Card  a.3.j2  will  follow  this 
card . 

ID(4,J)  The  segBient  number  to  which  the  rotations 

given  by  TPB  or  by  the  angles  on  Card 
Q.3.j2  are  with  respect  to.  A  value  of 
aero  or  blank  will  default  to  the  ground 
(IISEG't^K6Aa^2)  or  inertial  reference.  The  > 
primary  vehicle  may  be  specified  by  I 

supplying  MSEO^l,  where  MSEO  is  either  ! 
MSEO  or  the  largest  MBEQ  from  Cards  C.2a.  ! 

Otherwise,  the  number  of  the  segment 
must  be  less  than  J.  A  negative  number 
(-iJMTfJ-l) : ,  as  specified  on  Card 
B.3.al)  may  be  used  to  define  the 
rotation  angles  with  respect  to  the  joint  • 
axes  as  specified  on  Card  B.3.a2. 

Note:  The  values  of  TPB  and  ID  are  used  to  compute  a  direction 
cosine  matrix  B.  The  direction  cosine  matrix  D(J)  of  segment  J 
Is  determined  by  the  value  of  K  -  ID(4,J)  as  follows: 

K  =  0:  D(J)  »  B(J)  (  K»0  or  equal  to  NOBMD  ) 

K  >  0:  D(J)  »  B(J)D(K)  (  K<J  or  equal  to  RVEH  ) 

K  <  0:  D(J)  =  H' (J)B(J)H(K)D(K)  (  K  =  -!J1IT(J-1)!  ) 

There  are  no  restrictions  on  a  ball  or  Euler  joint.  An  Euler 

joint  can  be  set  to  an  initial  precession (P) ,  nutation(M)  and 
spinfS)  by  specifying  TPB  =  P,  H,  S  and  ID  =3,  1,-  3,  -!JMT(J- 
1)!.  To  preserve  the  axes  of  a  pin  joint,  the  relative 
orientation  of  segments  J  and  JHT(J-l)  must  represent  a 
rotation  about  the  pin  axis  only.  (The  pin  axis  is  always  the 
y  axis  of  the  joint  axes  as  specified  on  Card  B.3.a2.)  This  ) 

can  be  assured  by  supplying  TPB  «  0,  P,  0  and  ID  «  0,  0,  0,  - 
!JNT(J-i):,  vdiere  P  is  the  pitch  of  segment  J  with  respect  to 
the  center  of  syassetry  (Card  B.3.a2)  of  joint  J-1.  For  the 
case  where  the  y  axes  of  segments  J  and  JllT(J-l)  are  parallel 
to  the  pin  axis,  the  pin  axis  can  be  preserved  by  supplying 
values  of  TPB  =  0.  P,  0  and  ID  *  0,  0,  0.  !JIIT(J-1)!  where  P 
is  the  pitch  of  segment  J  with  respect  ot  segment  JllT(J-l). 
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A  Card  Q.3.b  auat  follow  avary  Card  Q.3.a  on  which  1D(1,J)  ia 
nagativa. 


Carda  a.3.b 
Al.A2,A3 


B1.B2.B3 

II 


FORMAT  (OFIO.O.  413) 

Spacifiaa  tha  projactlon  of  tba  prlaary 
axia  Rivan  by  IK  balow.  If  II  ia 
nagativa.  valuaa  will  ba  tha  x,  y  and  a 
eoaponania  (in)  in  tba  projaction 
rafaranea  ayataa  of  a  vaotor  along  tha 
poaitiva  IK  axia  of  aagaant  lo.  J.  If  II 
ia  poaitiva,  Al,  A2  (A3  not  uaad)  ara  tha 
projaction  anglaa  (dag)  of  tha  poaitiva 
IX  axia  of  aagawnt  nuabar  J  in  two  of  tha 
projaction  rafaranea  planaa  apacifiad  by 
tha  valua  of  II. 

Spacifiaa  tha  projaction  of  a  aacondary 
axia  givan  by  JX  balow.  Tha  dafinition 
ia  idantical  to  Al,  A2,  A3  abova  but  uaaa 
JJ  and  JK  inataad  of  II  and  IK. 


If  II  ia  nagativa,  tha  eoaponanta  of  a 
vaotor  along  tha  poaitiva  IX  axia  will  ba 
givan  by  Al,  A2,  A3.  If  II  ia  poaitiva, 
a  valua  of  1,  2  or  3  ia  uaad  to  indicata 
that  tba  X,  y  or  a  axia  ia  tba  coason 
axia  of  tha  two  projaction  rafaranea 
planaa  uaad  to  apaoify  tba  two  projaction 
anglaa  aa  followa: 

If  II«1,  Al  in  s-x  plana,  A2  in  x-y  plana. 

If  II«2,  Al  in  x-y  plana,  A2  in  y-a  plana. 

If  II«3,  Al  in  y-a  plana,  A2  in  Z-X  plana. 

In  tha  x-y  plana,  tha  angla  ia  aaaaurad 
frow  tha  x  axia,  poaitiva  toward  tba  y 
axia. 

In  tha  y-a  plana,  tba  angla  ia  waaaurad 
froa  tha  y  axia,  poaitiva  toward  tha  a 
axia. 

In  tba  a-x  plana,  tba  angla  la  axiaeurad 
froa  tba  a  axia,  poaitiva  toward  tha  x 
axia. 


Baatrictlon:  SIi(Al)«C0S(A2)  cannot  ba 
aaro. 
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Cards  Q . 3 . 
IK 

JJ.JK 


b  (continuad) 

A  vaJua  of  I,  2  or  3  to  spocify  that  tba 
X,  y  or  X  axis  of  ssiasnt  nuabsr  J  is  the 
primary  axis  to  bs  projsctsd. 

Sams  dsfinition  as  for  II,  IK  abovs  but 
for  a  sseondary  axis  of  ssgms  nt  number  J. 
Tbs  value  of  JK  must  be  different  than 
that  of  IX. 
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Subroutine  SQOILB 


Cords  G.4,  0.5  and  0.0  ors  rsquirsd  if  II  •  15  on  Cord  0.1. 

Cord  0.4  FOUIAT  (214) 

MVAB  lo.  of  indopondont  vorioblos  supplied  on 

Cords  0.2  ond  0.3  that  ors  to  bo  odjustod 
suoh  that  contact  normal  forces  are  equal 
to  either  Ox  supplied  on  Cards  0.5  or 
constraint  nornal  forces  controlled  by 
Cards  0.6  (max  «  10). 

MCOH  Ho.  of  constraints  to  be  Imposed  to 

compute  those  constraint  forces  which 
will  be  satisfied  by  initial  contact 
forces.  If  zero,  the  supplied  values  of 
Ox  will  be  used,  (max  ‘  5). 


Cards  0.5  FOBMAT  (314,  2F8.0,  814) 

(NVA8  cards) 

MTT(J)  Indicates  type  of  Jth  independent  variable 

1  -  SEOLP  from  Cards  0.2 

2  -  TPR  from  Cards  0.3 

NIl(J)  A  value  of  1 ,  2  or  3  to  indicate  the  x,  y 

or  z  coordinate  of  SBQLP  if  HTV(J)*1,  or 
yaw,  pitch  or  roll  of  TPB  if  HTV(J)*2. 

HSO(J)  The  segment  number  (as  specified  by  index 

I  of  Cards  B.2)  for  the  Jth  independent 
variable. 

0X(J)  The  magnitude  of  the  contact  normal  force 

for  the  Jth  independent  variable  (lbs.). 

If  this  contact  is  to  be  controlled  by  a 
constraint  on  Cards  0.6  (i.e., 

J^IIDOZd)),  the  supplied  value  of  Ox 
will  be  the  initial  value  for  the 
iteration  of  the  contact  normal  force  to 
equal  the  constraint  normal  force; 
otherwise,  the  Jth  independent  variable 
will  be  adjusted  such  that  the  contact 
normal  force  will  be  equal  to  Ox. 
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Cards  0.5  (continuad) 


ZDEV(J) 

JPL(J) 

JSQ(J) 

IA7(J) 

KSOd.J) 


Tb«  MxlBUB  allowabla  daviaiion  fro*  tha 
initial  positions  spacifiad  on  Cards  0.2 
and  0.3  during  tba  itaration  of  tba  Jtb 
indapandant  variabla  for  tba  contact 
noraal  forca  to  aqiial  Ox.  If  axcaadad, 
tba  prograa  will  tarainata  with  an  arror 
•assaga.  If  XDBV  *  0,  tba  tasts  will  not 
ba  parforwad. 


Tba  plana  nuabar  corrasponding  to  MJ  on 
Cards  F.l.b  -  F.l.n  for  tba  contact  whosa 
noraal  forca  is  to  ba  control lad  by  tba 
Jtb  variabla. 

Tba  sagaant  idantif ication  nuabar  (as 
spacifiad  by  indax  I  of  Cards  B.2) 
involvad  in  tba  contact  with  plana  Ho. 
JPL(J).  Mota:  A  contact  batwaan  this 
plana  and  sagaant  aust  bava  baan  sat  up 
on  Cards  F.l.b  -  F.l.n. 

Ho.  of  variablas  associatad  with  tba  Jtb 
indapandant  variabla.  (Max*  5,  nay  ba 
zaro. ) 

,1*1 .HAY  Tba  sagaant  nisabars  (dafinition  saaa  as 
for  HSO(J))  for  tba  HA7(J)  variablas 
associatad  with  tba  Jtb  indapandant 
variabla.  Any  cbanga  aada  to  tba  Jtb 
indapandant  variabla  to  acbiava  initial 
aquilibriuB  will  also  ba  aada  to  tba 
corrasponding  variablas  for  tbasa 
sagaants  sucb  that  tba  initial  ralativa 
oriantation  will  ba  aaintainad  as 
spacifiad  on  Cards  0.2  and  0.3. 
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Card!  Q.O 


FOBMAT  (414) 


(ICOI  cards) 


IPL(I) .isa(i) 


LTTPEd) 


DfDOKI) 


Tba  plana  and  aaiaant  nuirt>ars  (dafinltion 
aaM  aa  for  JPL(J)  and  JSa(J)  abova)  for 
tha  Ith  constraint  to  ba  laposad  for 
Initial  aquilibrlia  during  tha  contact 
noraal  forca  to  constraint  noraal  forca 
itaration. 

Indicatas  tha  typa  of  tha  Ith  constraint: 

3  -  Boll  constraint, 

4  -  Slida  constraint. 

Tha  indax  J  (froa  1  to  lYAB)  froa  Card 
Q.S  for  ahich  tha  contact  noraal  forca 
will  ba  itaratad  to  ba  aqual  to  tha  Ith 
constraint  noraal  forca.  May  ba  saro, 
but  if  IlDOXd)  >  J.  than  IPLd)  and 
ISQd)  aust  ba  aqual  to  JPL(J)  and 
JSa(J) . 


Mota:  Subroutina  BQUILB  will  adjust  tha  initial  position 
paraaatars  suppliad  on  Cards  G.3  and  G.3.  If  tha  constraints 
taaporarlly  laposad  by  Cards  G.O  proparly  constrain  all  of  tha 
sagaants,  saro  accalaratlons  will  ba  obtainad  whila  tha 
constraints  ara  on.  Tha  itaration  will  produca  noraal  and 
tangantial  contact  forces  that  will  result  in  saall  (<  0.03  G) 
initial  linear  aocalarations  for  all  of  tha  body  sagaants.  For 
the  seated  ‘standard*  fifteen  sagaant  occupant,  this  can  ba 
achiavad  as  follows: 

A.  Look  joint  P,  N,  IP,  HP,  BA  and  LA  by  setting  IPII  «  -3  on 
Cards  B.3.  If  tha  aaxiaua  torque  for  a  locked  Joint  (T1  for 
TISC(4,3»J-3)  on  Cards  B.S)  is  saro,  than  Subroutina  EQUILB 
will  sat  T1  for  these  looked  Joints  to  1.5  tiaas  the  aagnituda 
of  tha  joint  torque  finally  produced  at  tiaa  saro. 

B.  Constrain  tha  aras  by  either  setting  up  fixed  point 
constraints  (typa  ■  1)  for  tha  BLA  and  LLA  with  tha  vehicle  on 
Cards  D.6,  or  look  tha  Joints  B8,  BB,  LS  and  LE  as  in  step  A 
abova.  If  the  constraints  ara  iaposad  on  Cards  D.6,  Subroutina 
EQUILB  will  adjust  tha  point  on  tha  vehicle  (BK3  on  Cards  D.6) 
for  any  typa  1  constraint  involving  tha  vehicle  so  that  it  will 
coincide  with  tha  specified  point  on  tha  body  sagwent  (BXl  on 
Cards  D.6)  as  adjustswnts  ara  wade  to  tha  initial  position 
parawatars. 


C.  S«t  up  «lloiwd  contacts  and  asaociatad  fore#  daflaction 
functions  on  Cards  P.l  for  tho  saat  cushion  plana  with  tha  LT, 
SOL  and  LOL  sagaants,  tha  saat  back  plana  with  tha  LT.  CT  and 
OT  sagaants,  and  tha  floorboard  plana  with  tha  BF  and  LP 
sagaants. 

0.  Sat  up  initial  position  paraaatars  on  Cards  0.2  and  0.3 
that  ara  Just  'short  of*  or  closa  to  tha  final  panatration 
distancas  for  tha  sagaants  with  tha  contact  pianos. 

E.  Sat  HTAH  »  5  and  MCOM  «  4  on  Card  0.4. 


F.  Supply  tha  following  input  paraaatars  on  Cards  0.5: 


J 

MTV 

Mil 

MSO 

01 

XDEV 

JPL 

JSO 

MAT 

KSO 

1 

1 

3 

(LT) 

90.0 

1.0 

(seat  cushion) 

(LT) 

0 

2 

1 

1 

(LT) 

5.0 

1.0 

(saat  back) 

(LT) 

0 

3 

2 

2 

(UT) 

10.0 

5.0 

(saat  back) 

(OT) 

4 

(LT)  , 
(CT) , 
(M). 
(H) 

4 

2 

2 

(BUL) 

25.0 

10.0 

(saat  cushion) 

(BUL) 

1 

(LUL) 

S 

2 

2 

(BLL) 

10.0 

10.0 

(floorboard) 

(BP) 

1 

(LLL) 

1. 

Supply  tha  following 

input  paraaatars  on  Cards  0.0; 

I 

IPL 

ISO 

LTYPB 

IHDQl 

1 

(saat  cushion) 

(LT) 

3 

1 

2 

(saat  back) 

(OT) 

4 

3 

3 

(floorboard) 

(BP) 

3 

5 

4 

(floorboard) 

(LP) 

3 

0 

Using  tha  abova  input  paraaatars,  Subroutina  EQUILB  will  adjust 
tbs  X  and  x  coordinatas  of  tha  LT,  tha  pitch  angles 
(aaintaining  tha  initial  ralatlvo  orientation)  of  tha  UT,  LT, 
CT.  I  and  H  sagaants,  tha  SUL  and  LOL  sagaants,  and  tha  RLL  and 
LLL  sagaants,  and  tha  initial  noraal  contact  forces  (Ox)  of  tha 
saat  cushion  with  tha  LT,  tha  saat  back  with  the  UT  and  tha 
floorboard  with  tha  RP.  It  is  baliavad  that  the  resulting 
initial  positions  ara  unique  and  ara  functions  of  tha  values  of 
tha  contact  noraal  forces  (Ox)  supplied  for  tha  saat  back  with 
tha  LT  and  tha  saat  cushion  with  the  BUL  contacts. 
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H.  Subroutin*  OUTPUT 


Thli  subroutin*  providca  input  to  control  tho  donirod  tlM 
blftory  output  of  colootod  total  and  angular  accalarationa,  * 

volocitiaa,  diaplaeananta,  Joint  paraattara,  Joint  forcaa  • 

and  torquaa.  wind  fore#  data  and  total  body  propartiaa.  • 

H.l  (X«l)  Linaar  accalaration  tiaa  hlatory  output.  • 

Card  H.l. a  FOBMAT  (16.  213.  3F12.6)  f 

■sa(K)  Tha  nuabar  of  aalactad  pointa  on  tba 

varioxia  body  aagaanta  for  wbicb  tiaa 


biatoriaa  ara  daairad.  Tha  aaxiaua  valua 
for  Isa(K)  ia  20.  If  Isa(K)  la  0.  inaart 
2  blank  carda.  If  ISOfK)  ia  1 .  a  aingla 
blank  card  abould  follow  card  H.l.K. 

XBSF(l.X)  Tba  rafaranca  aagawnt  nuabar  tha  flrat 

point  total  accalarationa  ara  to  ba  givan 
in.  If  aaro  or  blank,  tba  dafault  will 
ba  tha  MSO  aagawnt  nuBd>ar  tha  point  ia 
attaebad  to,  i.a.  tba  local  rafaranca 
wyataa.  lota  that  all  pravioua  input 
dacka  can  ba  uaad  without  Modification 
and  will  dafault  to  tba  local  rafaranca 
ayataw  of  aagwant  MBO.  If  MSO  ia 
nagatlva,  KUF  ia  tba  initial 
accalarowatar  aatting.  In  tbia  caaa  XBBF 
■uat  ba  0  or  1.  If  XBEF>0,  tbara  ia  no 
gravity  vactox  offaat;  if  KBBF*1,  tba 
initial  accalarowatar  valua  ■  IG  along 
tba  gravity  vector  apacifiad  by  Card  A. 3. 
Howavar  tbia  offaat  ranalna  in  tba  local 
MSG  coordinate  ayatan.  Tba  accalarationa 
will  ba  in  tba  local  coordinate  ayataw 
whan  MBG  ia  negative. 

MSGd.X)  Tba  aagaant  nuabar  of  tba  firat  point  aa 

datarainad  by  tba  index  I  on  Carda  B.2. 

A  vabicla  or  airbag  nay  ba  apacifiad  by 
tbair  aagaant  nuabar.  If  MSG  ia 
negative,  tba  accalarationa  will 
corraapond  to  tba  output  of  an 
accalarowatar  attaebad  to  MSG  at  tba  XSG 
point. 
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Card  H.l.a  (continuad) 

XSOCI , 1 ,K) ,1-1 ,3  Tha  x.  y.  and  x  ooordinatea  in  tha 

aag  ■ant  rafaranca  of  tba  first  point 
(inebas) . 


Follonad  by  NS0(K)-1  Cards  H.l.b  (For  J«2.MSa(K) ) .  Ona  H.l.b  • 
card  is  almtys  raquirad.  I 


CARDS  H.l.b  FORMAT  (10.  13,  3F12.6) 


KREF(J.K) 

Saaa 

as 

abova 

but 

for 

tbe 

Jtb 

point. 

MSa(J,K) 

SaM 

as 

abova 

but 

for 

tba 

Jtb 

point. 

XSOd.J.K)  ,I«1,3 

Sana 

as 

abova 

but 

for 

tba 

Jtb 

point. 
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H.2  (K-2)  Rtlfttlv*  vtlocity  tiM  hiatory  output.  • 

Cards  H.2.«  PORMAT  (16.  213.  3FI2.6)  • 

MSa(K)  Sum  dsscrlption  «s  for  B.l.  I 

KREFd.K)  Tb«  rsforsnco  ssgMnt  nuabsr  tbs  point  • 

rslstlvs  vsloclty  is  to  bs  givsn  in.  If  • 
zsro  or  blank,  tbs  dsfault  will  bs  tbs  • 
vsbicls.  lots  that  all  prsvlous  input  • 

dscks  can  bs  ussd  without  Modification  • 
and  will  dsfault  to  tbs  priaary  vsbicls  • 
rsfsrsncs  systsa.  • 

MSQd.K)  Tbs  ssgasnt  nxii^sr  of  tbs  first  point  as  I 

dstsrainsd  by  tbs  indsx  I  on  Cards  B.2.  I 

k  vsbicls  or  airbag  aay  bs  spscifisd  by  I 
thsir  ssgasnt  nuiri>sr.  I 


XSQd , J.K) . I>1 .3  Saas  dsscrlption  as  for  H.l.a 
Followsd  by  ISa(K)-l  Cards  H.2.b  (For  J*2.1Sa(K)).  0ns  H.2.b 


card  is  always  rsquirsd.  I 

CARDS  H.2.b  FORMAT  (10.  13.  3F12.6)  • 

KREF(J.K)  Saas  as  abovs  but  for  tbs  Jth  point.  • 

MSQ(J,K)  Saas  as  abovs  but  for  tbs  Jtb  point.  I 

XSQd.J.K)  ,I<1,3  Saas  as  abovs  but  for  tbs  Jth  point.  I 

H.3  (X=3)  Rslativs  dlsplacsasnt  tias  history  output  • 


Cards  H.3. a  -  H.3.b  FORMAT  (16.  213.  3F12.6/  (10.  13.  3F12.6))  • 

Saas  dsscrlption  as  for  Cards  H.2. a  -  H.2.b  sxcspt  for  rslativs  t 
displacsasnts.  I 
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H.4  (K*4)  ScgiMnt  angular  acealaration  tiaa  hiatory  output  • 


CASD  H.4  FOBMiT  (16,  2213/  (19.  2113)  )  • 

HSG(K)  Tba  nttabar  of  aalactad  aagaanta  for  lAicb 

tlM  biatoriaa  ara  daairad  (BaxlBUB  ■ 

20).  Supply  blank  card  if  nona  ara 
daairad. 


(XBEF(J,K),  KSa  paira  of  nuabara.  Tba  firat  numbar 

IB0(J,K)) .J«1.KS0  of  a  pair  (XBBF)  ia  tba  ntabar  of  tba 
ubara  KSG«HSQ(K)  rafaranca  aagaant  tba  aagaant  angular 

accalarationa  ara  to  ba  glvan  in.  Tba 
aaeond  nui^ar  of  a  pair  (MSG)  ia  tba 
aagaant  ntaabar  aboaa  angular  acealaration 
ia  to  ba  givan.  If  XltF  ia  caro  or 
blank,  tba  dafault  will  ba  tba  aagaant 
nuabar,  i.a.  tba  local  rafaranca  ayataa. 
lota  that  all  pravioua  daeka  can  ba  uaad 
without  aodifioation  and  will  dafault  to 
tba  local  rafaranca  ayataa.  MSG  la  tba 
aagaant  nuabar  aa  datarainad  by  indax  I  I 
on  Garda  B.2.  A  vabicla  or  airbag  nay  ! 
ba  apacifiad  by  tbair  aagaant  nuabar.  If  ! 
BSG(K)  >  11,  uaa  tba  aaeond  card,  leaving 
tba  firat  field  of  6  eoluana  blank.  If 
ISG(X)  *  11,  a  aaeond  card,  coaplataly 
blank  ahould  follow  tbia  card. 


H.5  (K«5)  Sagawnt  relative  angular  velocity  tiaa  biatory  output  • 


Card  H.6 


FOBMAT  (10,  2213/  (19,  2113)  )  f 


MSG(K) 


Saaa  daacription  aa  for  H.4 


(KBEF(J,K),  KSG  paira  of  nuabara.  Tba  firat  nuabar 

HSG(J,K)) .J>1.KSG  of  a  pair  (KBBF)  la  tba  rafaranca  aagaant 
•dtare  KSG*HSG(K)  nuiM>ar  tba  aagaant  relative  angular 

valocitiaa  ara  to  ba  glvan  in.  Tba 
aaeond  nuidtar  of  a  pair  (MSG)  ia  tba 
nuabar  of  tba  aagaant  wboaa  angular 
valocitiaa  ara  to  ba  givan.  If  KBEF  ia 
zero  or  blank,  the  dafault  will  ba  tba 
vabicla.  lota  that  all  pravioua  input 
dacka  can  \iaad  without  wodification  and 
will  dafault  to  tba  priwary  vabicla 
rafaranca  ayataw.  MSG  ia  aawa  aa  for 
Card  H.4. 
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H.6  (K>6)  S«gMnt  r«l«tiv«  anlular  dicplACCMnt  tia*  history  • 

output  • 

Card  R.6  FOBMAT  (16.  2213/  (10.  2113)  )  • 

SsM  dsscrlption  as  for  Card  H.S  axoapt  for  ralativa  angular  I 
displacaaants.  ! 


H.7  (K«7)  Joint  paraaatar  tiaa  history  output 


Card  H.7  FORMAT  (1216/  (112.  1016)  ) 

NSQ(K)  Tha  nuabar  of  salactad  Joints  for  irtiich 

tiaa  historlas  ara  dasirad.  Insart  a 
blank  card  if  nona  ara  dasirad  (aaxiaua  I 
20) .  I 

MSQ(J .K) .J*l .KSQ  Tha  Joint  nui^ars  as  datarainad  by  indax 
ifhara  KSa«llSa(K)  J  on  Cards  B.3.  If  ISa(X)  >  11.  usa  a 

sacond  card  laaving  tha  first  fiald  of  6 
coluans  blank.  If  ISO(X)  >  11.  a  sacond 
card,  coaplataly  blank,  should  follow 
this  card. 
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H.8  (K"8)  Wind  fore*  tiM  history  output  X 

(Mots:  Tbsss  H.8  Csrds  srs  ns«  as  of  Vsrsion  III. 2.  What  X 

was  previously  tbs  H.6  Card  (tbs  card  for  tbs  BIC,  HSI  and  X 

CSI  calculations  is  now  Card  H.ll).  Previous  input  decks  X 
will  require  a  blank  card  at  this  point  in  tbs  input  deck  X 
to  be  cowpatible  with  ATB  Version  III. 2  input  requirewents .  X 

Card  E.8  FOBMAT  (16.  2213/  (10,  2113))  X 

■SG(K)  The  nuad>er  of  selected  segwents  for  vdiich  X 

the  wind  force  tabular  tiae  histories  are  X 
desired.  Insert  a  blank  card  if  none  are  X 
desired  (■axiaim  -  20) .  X 


(KBEF(J.K).  KSG  pairs  of  nuiri>ers.  The  first  nuid>er  X 

IGG(J,K) , J>1 ,KSG  of  a  pair  (KBBF)  is  the  reference  segaent  X 


irtiere  KSG>HSG(K)  nuaber  of  the  coordinate  systea  the  wind  X 

forces  are  to  be  given  in.  The  second  X 
nuaber  of  a  pair  (MSG)  is  the  segaent  X 
lAose  wind  forces  are  to  be  given.  If  X 
KBBF  is  zero  or  blank,  the  default  will  X 
be  ground.  MSG  is  the  segaent  nuaber  as  X 
deterained  by  index  I  on  Cards  B.2.  If  X 
VSG(K)  >  11,  use  a  second  card  leaving  X 
the  first  field  of  6  coluans  blank.  If  X 
ISG(K)  «  11,  a  second  card,  ooapletely  X 
blank,  should  follow  this  card.  X 


H-6 


Rev  IV. 0 


116 


H.O  (K>9)  Joint  forota  and  torquaa  tiaM  hiatory  output  X 

(Hota:  Thaaa  H.9  Carda  ara  na«  aa  of  Varaion  III. 2.  Any  X 
pravioua  input  dacka  will  raquira  a  blank  card  at  tbia  X 

point  in  tha  input  dack  to  ba  co^>atibla  with  ATB  III. 2  X 

input  raquiraaanta. )  Tha  Joint  forcaa  ara  tha  forcaa  X 

raquirad  (at  tha  joint  location)  to  kaap  tha  Joinad  X 

aagaanta  from  aaparatinA.  Tha  Joint  torquaa  ara  tha  X 

torquaa  raquirad  to  maat  any  angular  conatraint  of  tha  X 

Joint  (a.g.  for  a  pin  Joint  only  ona  axia  of  rotation  ia  X 

parmittad)  plua  any  torquaa  tranafarrad  acroaa  the  Joint.  X 

Tha  joint  torquaa  applied  by  tha  Joint  functiona  ara  a  X 

function  of  tha  ralatlva  poaition  and  ralativa  velocity  of  X 

the  two  Joint  coordinate  ayatama.  A  detailed  break  out  of  X 

the  joint  function  torquaa  ia  provided  by  the  Carda  H.7.  X 

Vote:  Aa  of  ATB  III. 4  the  aign  on  the  torquaa  ia  reveraad  X 

to  be  of  the  aaaM  aenae  aa  the  forcaa.  X 

Card  H.9  FOBMAT  (16.  2213/  (19,  2113))  X 


NS3(K)  The  ntinber  of  aelected  Jointa  for  which 

time  hiatoriea  are  deaired.  Inaert  a 
blank  card  if  none  are  deaired  (maximtm  = 

20) . 

(KBEF(J,K),  KSQ  paira  of  numbera.  The  firat  number  X 

MSQ(J,K) ,J-1 ,KSQ  of  a  pair  (KBEF)  ia  the  reference  aegment  X 
where  KSOsNSQ(K)  nuaibar  the  joint  forcaa  and  torquaa  are  X 

to  be  given  in.  The  aecond  number  of  a  X 
pair  (MSO)  ia  the  Joint  whoae  forcaa  and  X 
torquaa  are  to  be  given.  If  KBEF  ia  zero  X 
or  blank  the  default  will  be  the  vehicle.  X 
MSQ  ia  the  joint  number  aa  determined  by  X 


index  J  on  Carda  B.3.  If  NSO(K)  >11.  X 
uae  a  aecond  card  leaving  the  firat  field  X 
of  6  columna  blank.  If  K8a(X)  *  11.  a  X 
aecond  card,  completely  blank,  ahould  X 
follow  tbia  card.  X 
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X  X  »<  M 


H.IO  Total  body  proparty  tlM  history  output  X 

(lota;  Thaaa  H.IO  Cards  ara  naw  as  of  Torsion  III. 2.  Any  X 

pravious  input  docks  will  raquira  a  blank  card  at  this  X 

point  in  tha  input  dock  to  ba  coaqpatibla  with  ATB  III. 2  X 

input  raquirawants. }  X 

Card  H.IO. a  POBMAT  (16)  X 

MCQ  Tha  nuabar  of  bodias  (collaction  of  X 

salaants)  for  which  tiao  historian  ara  X 

dasirad  (aax  «  5) .  Bach  tiaa  history  X 

will  contain  tha  cantor  of  aass,  tha  X 

total  linaar  and  angular  aoaantua,  and  X 

kinatic  anargy  of  tha  sot  of  spacifiad  X 

sagaants.  If  saro  or  blank,  no  Cards  X 

H.lO.b  ara  raquirad.  X 


Cards  H.lO.b  FOBliAT  (2413) 

(MCQ  cards) 

IfCOB(J)  Tha  sagaant  nuabar  of  tha  sagaant  to 

which  tha  oantar-of-aass  is  rafarancad. 

MCOKJ)  Tha  nuiiri>ar  of  sagaants  in  tha  Jth  sat  of 

sag  aonts  (body)  for  whirh  a  tabular  tiaa 
history  of  body  propartias  (aaxiaua  > 

22)  is  spacifiad. 

IICOS(I,J).I«l,lfCOI  Tha  sagaant  nuabors  of  tha  MCOI  sagaants  X 

that  ara  to  ba  includad  in  tha  Jth  sat  of  X 
sagaants  (body) .  X 
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»«»<»«*«  »«»«  *«»< 


H.ll  (Subroutine  POSTPB)  -  HIC.  B8I  and  CSI  calculations.  I 

This  card  is  rsqulrsd  wfasnsvsr  Subroutine  POSTPB  is  called 
as  deterained  by  the  value  of  IPBT(4)  on  Card  A. 5  (all 
values  except  0  and  4).  This  H.ll  card  was  previously  ! 

called  the  H.8  card.  The  nuaber  of  tiae  points  that  can  be  ! 
processed  to  coapute  the  HIC,  ED3I  and  CSI  values  aust  be  > 

greater  than  or  equal  to  25  and  less  than  or  equal  to  1000.  I 
If  the  nuaber  of  tiae  points  is  less  than  25,  the  f 

calculation (s)  will  be  skipped  and  a  aarnins  aessage  ! 

printed.  These  calculations  can  be  perforaed  only  if  I 

HPBTOO)  >  0  and  (1/IPBT(30))«0T»HSTEPS  <  1000  (it  can  not  • 

be  «  1000  because  of  tiae  step  0),  or  IPBTOO)  «  0  and  the  f 

the  ntaiber  of  successful  integration  steps  is  <  1000.  If  • 
HPBTOO)  «  0,  the  data  is  written  every  successful  I 

integration  step  and  the  total  nuaber  of  points  can  not  be  I 
deterained  beforehand.  A  quick  way  to  deteraine  the  nu^er  I 
of  successful  integration  steps  for  a  run  is  to  look  at  the  I 
table  produced  by  Subroutine  ELTIMB  at  the  end  of  each  run.  I 
The  nuaber  of  tiaes  Subroutine  OOTPOT  is  called  is  equal  to  I 
the  the  nuaber  of  successful  integration  steps  idien  ! 

1IPBT(20)  >0.  1  or  4  and  HPBT(4)  >  0,  i.e.  output  unit  Mo.  I 
8  (Subroutine  POSTPB)  is  used.  Becall  that  MPBTOO)  is  the  ! 
frequency  the  injury  data  is  to  be  written  to  the  injury  I 
data  array  (a  sniltiple  of  DT) .  DT  is  the  tiae  step  for  ) 

which  data  can  be  printed  out  and  HSTEPS  is  the  total  ( 

nuaber  of  integration  steps  the  prograa  Is  to  sake  for  a  f 
specific  run.  I 

If  the  injury  functions  are  to  be  coaputed  during  a  I 

postprocessing  r\in  (IPBT(4)  >  '1  or  >3),  these  calculations  I 
can  only  be  aade  for  data  for  specific  tiae  points  that  are  I 
on  the  TAPE  6  file  saved  froa  a  previous  integration  run.  t 
This  swans  that  there  is  no  capability  to  use  data  at  tiiw  ! 
points  requested  by  the  logic  of  HSTEPS,  HPBT(30)  and  DT  of  ! 
a  postprocessing  run  when  data  were  not  written  at  these  ! 
specific  tiae  points  by  the  previous  integration  run,  i.e.  ! 
there  is  no  capability  to  interpolate  between  data  points  ! 

froa  the  integration  run.  Therefore,  care  aust  be  taken  to  ! 
select  DT,  HSTEPS  and  HPBT(30)  such  that  only  data  that  are  I 
at  the  tiae  points  that  were  written  on  TAPE  8  or  soae  I 

integer  aultiple  of  these  tiae  points  are  used  in  the  I 

coaputation  of  the  injury  functions.  I 
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Card  H.n 


FOBMAT  (1814) 


I 


JDTPTS(l) 


JDTPTS{2) 


Tha  indax  J  on  Carda  B.l  oorraapondinj  to 
tha  haad  oantar-of-aasa  afaoia  raaultant  I 
aacalaration  tiaa  hiitory  will  ba  uaad  to 
co^[>uta  tha  haad  injury  critaria  (HIC) 
and  haad  aavarity  indax  (HSI).  Tha 
eoaputationa  will  not  ba  dona  if 
JOTPTS(l)  -  0  or  blank. 

Tha  indax  J  on  carda  H. 1  corraaponding  to 
tha  point  wboaa  raaultant  accalaration 
tiM  hiatory  will  ba  uaad  to  cowputa  tha 
chaat  aavarity  indax  (CSI).  Tha 
coaputationa  will  not  ba  dona  if 
JDTPTS(2)  >  0  or  blank. 
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I .  Subroutln*  POSTPR 


If  IPBT(4)  on  Card  1.5  la  an  ovon  intagar.  Card#  I  ara  not  I 
raquirad.  (Saa  nota  in  Subroutina  3LPL0T  ragarding  program  I 
changaa  that  aay  ba  naaaaaary  on  plotting  facilitlaa  that  do  ! 
not  uaa  a  Calcoap  graphiaa  library.)  I 


Thaaa  carda  aaaantially  apacify  all  of  tha  arguaanta  to 
Subroutina  SLPLOT  and  tha  indioaa  of  tha  data  in  tha  tabular 
tiaa  hlatoriaa  to  ba  plottad.  Tha  ability  axiata  to  plot  any 
aat  of  variablaa  in  tha  tiaa  hiatoriaa  aa  a  function  of  any 
othar  variable  on  a  fixed  (apaoifiad  by  tha  uaar  input)  x*y 
axia.  Beth  axaa  auiy  ba  either  linear  or  logaritbaic.  Any 
data  falling  outaida  of  tha  apaoifiad  range  of  each  axia  will 
ba  ignored.  Tha  input  alao  apaoifiaa  tha  x  and  y  axia  labala 
and  two  linaa  of  plot  identification  that  liaa  balow  the  x 
axia  label. 


The  nuabar  of  tiwa  polnta  for  any  variable  that  can  ba  I 
written  to  the  data  array  for  plotting  ia  liadtad  to  1000.  • 
Tbarafora.  tha  plotting  option  can  ba  uaad  only  if  HPRT(30)  >  • 
0  and  (1/HPRT(30))«DT«I8TBPS.  <  1000  (it  can  not  ba  «  1000  • 
baeaxiaa  of  tiwa  atap  0  )  or  liPBT(30)  ■  0  and  the  tha  nuaibar  f 
of  auccaaaful  integration  atapa  ia  <  1000.  If  IPBT(30)  «  0,  • 


tha  data  ia  written  every  auccaaaful  integration  atap  and  tha 
total  nuaibar  of  pointa  can  not  ba  dataradnad  beforehand.  A 
quick  way  to  datarwina  tha  ninabar  of  aueeaaaful  integration 
atapa  for  a  rtin  ia  to  look  at  the  table  produced  by 
Subroutina  BLTIIIE  at  tha  and  of  each  run.  Tha  nuaAar  of 
tiawa  Subroutina  OUTPUT  ia  called  ia  equal  to  tha  tha  nuid>ar 
of  auccaaaful  integration  atapa  whan  HPBT(20)  ■  0,  1  or  4  and 
MPBT(4)  >  0,  i.a.  output  unit  Bo.  8  (Subroutina  POSTPR)  ia 
uaad.  Recall  that  BPRT(30)  ia  tha  frequency  the  plotting 
data  ara  to  ba  written  to  tha  plot  data  arraya  (a  wultlpla  of 
OT) .  OT  la  tha  tine  atap  for  which  data  ara  to  ba  printed 
out  and  ISTEPS  ia  tha  total  nu^ar  of  integration  atapa  the 
prograw  la  to  wake  for  a  apacific  run. 

If  the  plota  ara  to  ba  aada  during  a  poatprocaaaing  run 
(MPRT(4)  >  -1  or  -3).  plota  can  only  ba  wade  frow  data  for 
apacific  tiwa  pointa  that  ara  on  tha  TAPB  B  file  aavad  frow  a 
pravloiut  integration  run.  Tbia  waana  that  there  ia  no 
capability  to  plot  data  at  tiwa  pointa  raquaatad  by  tha  logic 
of  MSTBPS,  1IPRT(30)  and  DT  of  a  poatprocaaaing  run  «dian  data 
ware  not  written  at  thaaa  apacific  tiwa  pointa  by  tha 
pravioua  integration  run.  i.a.  there  ia  no  capability  to 
interpolate  between  data  pointa  frow  tha  integration  run. 
Therefore,  care  wuat  ba  taken  to  aalact  DT,  ISTBPS  and 
IIPBT(30)  auch  that  data  ara  plottad  at  the  tiwa  pointa  that 
ware  written  on  TAPE  6  or  aowe  integer  wultipla  of  thaaa 
tiwa  pointa. 
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Card  I.l 


FOBMAT  (1814) 


HPLT 

lYP(K) .K*1.«PLT 


A  lat  of  Card!  1.2- 
Card  1.2 

ISKK)  .ia2(K) 


MTKJ.K)  .lf72(J.X) 
for  J>l.inrP(K) 


Tha  nuMbar  of  plot*  to  ba  ganaratad 
(■ax«20) .  (IF  IPliT  >  17,  uaa  tao  carda.) 


Tha  nuabar  of  y  variablaa  to  ba  plottad 
va.  tha  aaaa  x  variabla  for  aach  of  tha 
IPLT  plota.  IPLT  «  auB  of  ITP  la  Hal  tad 
to  28.  lota:  Tha  plotting  algoritha  I 

aaauaaa  aach  of  tha  IVP(X)  y  variablaa  I 
haa  tha  aaaa  x  valua.  Tharafora,  unlaaa  I 
tha  X  axla  ia  tha  tiaa  axia,  iriiara  aach  y  * 
valua  doaa  hava  tha  aaaa  x  valua  for  aach  ! 
plotting  point,  tha  plota  will  aoat  I 

likaly  ba  incorraot.  > 


.8  la  raquirad  for  aach  of  tha  IPLT  plota. 
FOBMAT  (1814) 

Tha  paga  lo.  (MXl)  and  coluan  lo.  (MX2) 
froa  tha  tabulatad  tiaa  hiatoriaa  of  tha 
X  (horisontal)  variabla  for  tha  Kth  plot. 
Thaaa  paga  loa.  atart  with  21  ao  MXl  > 

20.  10(2  ■  0  rafara  to  tiaa  (aaac) ,  tha 

laftaoat  coluan.  MI2  can  ba  auppliad  aa 
a  nagativa  intagar  to  indioata  that  tha  y  I 
valua  for  tiaa  zaro  will  ba  aubtractad 
froa  all  y  valuaa  for  plotting  purpoaaa.  ! 

Tha  paga  lo.  (MTl)  and  coluan  lo.  (M72) 
for  tha  ITP(X)  y  (vartical)  variablaa  to 
ba  plottad  va.  tha  x  variabla  apaclfiad 
by  MXl  and  MX2  for  tha  Xtb  plot. 

Dafinition  of  aach  MTl,  MT2  aaaa  aa  for 
MXl,  MX2  abova. 
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Card  1.3 
IKK) 


10  (X) 

XH(K) 


XL(K) 

1S(K) 


Card  1.4 

IT(K).T0(K),TI(K). 
TL(K)  and  T8(K) 


FOUttT  (14.  41.  418.0) 

Tba  nuabar  of  intarvaia  or  plotting 
daoraaonta  along  tha  x  (borisontal)  axia 
lor  tha  Xth  plot.  Thara  will  ba  IKK)^! 
tic  aarka  and  nuaario  annotationa,  tha 
firat  will  ba  for  10 (K)  and  tha  laat  for 
IKK).  If  IKK)  ia  poaitlva.  tha  aoala 
will  ba  linaar,  and  if  nagativa,  tha 
aeala  will  ba  logarithaio. 

Tha  valua  of  tha  origin  of  tha  x  axia  for 
tha  Kth  plot. 

Tha  valua  of  tha  and  of  tha  x  axia  for 
tha  Kth  plot.  For  IKK)  poaitlva,  OCX) 
ahould  aqual  X0(X)  ♦  IX(X)»DX.  abara  01 
ia  a  raaaonabla  plot  daoraaant.  If  IKK) 
ia  nagativa,  both  10 (X)  and  IKK)  ahould 
ba  powara  of  tan,  whara: 

IKK)  >  X0(X)«10aailKX):. 

Tha  langth  (plotting  inohaa)  of  tha  x 
axia  for  tha  Xth  plot.  XL(K)  ahould  ba 
at  laaat  ona  inch  laaa  than  XS(K). 

Tha  papar  aisa  (plotting  inohaa)  in  tha  x 
diraction  for  tha  Xth  plot.  Tha  plot 
will  ba  cantarad  within  thla  diwanalon. 


FOBMAT  (14.  41.  4F8.0) 

Saaa  daflnitiona  aa  for  tha  oorraaponding 
itawa  on  Card  I.3.K  but  for  tba  y 
(vartioal)  axia  for  tha  Xth  plot,  lota 
that  aaob  of  tba  ITP(K)  variablaa  will  ba 
plottad  on  tha  aaaa  aeala. 
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Card  1.5 
■XLAB(K) 


ILAB(K) 


FORIUT  (14.  4X,  1SA4) 

Tb«  nuabar  of  obaractars  in  tba  labal  of 
tba  X  axia  for  tba  Ktb  plot  (■ax«00,  aay 
ba  zaro) . 

Tba  alpbanuaaric  inforaatlon  to  bo  uaad 
aa  tba  labal  of  tba  x  axia  for  tba  Ktb 
plot.  Data  abould  ba  laft  adjuatod  aa 
input  ainca  prograa  will  cantor  tba 
VXLAB(K)  cbaractara  banaatb  tba  x  axia. 


Card  1.6 


FOKMAT  (14.  4X.  15A4) 


inrLAB(K).  SaaM  dafinition  aa  (or  Card  I.S.K  but  for 

TLAB(K)  tba  labal  of  tba  y  axia  for  tba  Ktb  plot. 


Card  1.7 


FORMAT  (14.  4X.  15A4) 


MPLBl  (K)  Tba  nuiid>ar  of  cbaractara  in  tba  uppar  of 

two  linaa  of  plot  Idantif ication  for  tba 
Ktb  plot  (wax  ■  60.  way  ba  zaro). 

PLBl(K)  Tba  alpbanuaario  information  to  ba  uaad 

in  tba  uppar  lino  of  tba  plot 
idantif ication  for  tba  Ktb  plot.  Data 
abould  ba  laft  adjuatad  aa  input  ainca 
tba  program  will  cantor  tba  IPLBl(K) 
cbaractara  banaatb  tba  x  axia  labal. 


Card  I . 6 


FORMAT  (14.  4X.  15A4) 


■PLB2(K).  Samo  dafinition  aa  for  Card  I.7.K  but  for 

PLB2(K)  tba  lowar  lino  of  tba  plot 

idantif ication. 


Rota:  Tba  15A4  tarm  in  tba  format  for  Carda  I. 5- I. 8  ia  to  ba 
uaad  on  computara  adiara  a  aingla  praoiaion  word  ia  aqulvalant 
to  four  alpbanumarlc  cbaractara.  Tbia  tarm  ia  tba  format  for 
Subroutina  POSTPR  and  abould  ba  aat  to  lOAO  or  OAIO  for  tboaa 
computara  wboaa  aingla  praciaion  word  alza  ia  aqulvalant  to  6 
or  10  cbaractara.  Tbia  ia  naoaaaary  to  inaura  that  a  oontiguoua 
atring  of  cbaractara  la  atorad  in  tba  computar  mamory,  aa 
raquirad  by  Subroutina  SYMBOL. 
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5.0  NUHBERED  STOPS  WITHIN  THE  ATB  OOMFUTER  PROGRAM 


There  are  many  program  stops  within  the  ATB  program  to  signal  both  input 
and  run-time  errors.  Some  of  the  stops  have  an  accompanying  message 
printed  in  the  main  output  file,  others  do  not.  All  are  numbered  and 
described  below  to  help  the  user  determine  the  cause  of  the  program 
termination.  For  stops  associated  with  the  input  routines,  the  actual 
input  error  is  probably  caused  by  missing  or  erroneous  data  of  previous 
input  records.  The  user  is  advised  to  check  the  output  produced  by  the 
input  routines  (on  logical  unit  6)  to  determine  at  what  point  within  the 
input  file  the  error  may  have  occurred. 

The  following  is  a  list  of  all  stops  within  the  ATS-ZV  Model  program, 
the  subroutine  involved,  the  input  card  number  (where  applicable),  the 
reason  for  the  stop  and  possible  corrective  action. 

1.  Main  Program:  Indicates  the  notmal  program  stop.  All  activity 
requested  by  the  user  has  been  completed. 

2.  Subroutine  RSTART:  Indicates  an  improper  variable  name,  index 
or  type  was  supplied  when  the  restart  option  was  selected  (IRSIN  #0)  on 
Card  A. 2.  Refer  to  the  message  written  to  output  unit  6  that  indicates 
which  A. 2  input  variable  was  at  fault. 

3.  Subroutine  BINFUT:  Indicates  an  error  in  defining  a  flexible 
element  on  cards  6.3.  There  must  be  at  least  two  joints  with  a  negative 
JNT  per  flexible  element,  one  connecting  the  interior  segment  to  the 
reference  segment  and  the  second  connecting  the  interior  segment  to  the 
terminal  segment. 

4.  Subroutine  BINPUT:  Indicates  that  the  value  of  NFX.  the  total 
number  of  flexible  element  interior  segments  specified  on  card  B.7,  does 
not  agree  with  the  value  of  NFLX,  the  total  number  of  interior  segments 
computed  from  the  ntmber  of  joints  with  a  negative  MJT  and  connectivity 
of  the  segments,  JNT(J),  supplied  on  input  cards  B.3.  Refer  to  output 
unit  6  for  the  values  of  NFX  and  NFLX. 
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5.  Subroutine  BIKPUT:  Indicates  that  the  segment  number  defined  by 
KNT(J)  on  card  B.7  to  be  an  interior  segment  of  a  flexible  element  was 
not  flagged  as  an  interior  segment  based  on  the  data  supplied  by  JNT(J) 
on  input  cards  B.3.  Check  the  configuration  of  the  body  as  specified  by 
the  value  of  JNT(J)  and  its  sign  to  ensure  that  segments  are  to  be 
connected  in  the  desired  manner  and  the  flexible  element (s)  are  properly 
defined.  Refer  to  the  message  written  to  output  unit  6  for  segment  at 
fault. 


6.  Subroutine  VIKPUT:  Indicates  that  an  improper  value  has  been 
supplied  for  MSBG  on  card  C.2.  Allowable  values  are:  zero  or  blank  (to 
represent  the  primary  vehicle);  less  than  or  equal  to  NSBG  (to  indicate 
prescribed  motion  for  one  of  the  specified  segments):  or  a  value  one 
greater  than  the  value  of  MSEC  supplied  on  a  previous  C.2  card  (to 
indicate  a  new  vehicle). 

7.  Subroutine  VINPUT:  Indicates  that  the  number  of  sets  of  C  cards 
is  greater  than  the  maximum  allowed  (currently  6)  or  that  the  total 
number  of  segments  defined  by  the  program  (including  the  airbags,  if 
any,  and  the  ground)  is  greater  than  the  maximum  allowed  (currently  30). 

8.  Not  used. 

9.  Not  used. 

10.  Subroutine  SINPUT:  Indicates  that  the  plane  identification 
index  (j)  is  in  error  on  card  D.2.  Th^  must  be  supplied  as  consecutive 
integers.  Refer  to  the  message  written  to  output  unit  6  for  the  plane 
at  fault. 


11.  Subroutine  KINPUT:  Indicates  that  the  function  number  on  card 
E.6  is  less  than  1  or  greater  than  the  maximum  allowed  (currently  30). 

12.  Subroutine  KINPUT:  Indicates  that  the  function  number  on  card 
E.7  is  less  than  1  or  greater  than  the  maximun  allowed  (currently  30). 
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13.  Subroutine  KIMFUT:  Indicates  that  an  inconsistent  value  was 
supplied  for  THETAO,  on  card  E. 7. 

14.  Subroutine  FINFUT:  Indicates  that  the  supplied  value  for  NJ 
(the  first  number  on  the  line  printed  on  unit  6)  does  not  correspond  to 
the  index  j  supplied  on  input  cards  F. 1,  F. 2.  F.3  or  F.  4. 

15.  Subroutine  FDINIT:  Indicates  that  a  function  number  used  on 
cards  F. 1.  F.2.  F.3,  F. 4  or  F.8  has  not  been  defined  on  input  cards  E. 

16.  Subroutine  FDINIT:  Indicates  that  the  size  of  the  generated  TAB 
array  exceeds  4500  or  the  size  of  the  NTAB  Array  exceeds  1250.  These 
arrays  are  generated  by  the  functions  defined  on  input  cards  E  and  the 
functions  applied  on  input  cards  F. 

17.  Subroutine  FINPUT:  Indicates  that  a  function  number  on  cards 
F.5  has  not  been  defined  on  input  cards  E.7. 

18.  Not  used. 

19.  Not  used. 

20.  Subroutine  FINFUT:  Indicates  that  the  air  bag  numbers  k  on 
cards  F.6  have  not  been  supplied  in  numeric  order. 

21.  Subroutine  FINFUT:  Indicates  that  the  value  of  JJ  on  card  F.7.b 
does  not  correspond  to  the  index  J  of  the  nonzero  elements  read  in  on 
input  card  F.7.a. 

22.  Subroutine  PLELF:  Indicates  that  the  edge-effect  option  is 
being  used  with  a  hyperellipsoid  with  unequal  powers,  on  cards  F. 1. 

23.  Subroutine  SBGSBO:  The  segment- segment  contact  is  being  used 
with  a  hyperellipsoid  with  unequal  powers,  on  cards  F.3. 
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24.  Subroutine  INITAL:  Indicatee  an  input  error  for  IYPR(4,J)  on 
cards  G.3.  The  supplied  value  is  greater  than  J  and  less  than  or  equal 
to  NSBG. 

25.  Subroutine  INITAL:  Indicates  an  input  error  for  IYPR(4,J)  on 
cards  G.3.  The  supplied  value  is  negative  and  does  not  correspond  to 
NJT(J-l). 

26.  Subroutine  BQUILB:  Indicates  a  problem  with  input  card  G.4,  G. 5 
or  G.6.  The  card  number  and  contents  in  question  are  printed  on  logical 
unit  6. 


27.  Subroutine  EIQUILB:  Indicates  that  the  iteration  for  the  listed 
variable  did  not  converge  within  the  specified  range,  on  input  cards 

G.5. 


28.  Subroutine  PLELP:  Indicates  that  the  roll-slide  constraint  is 
being  used  with  a  hyperellipsoid  on  cards  F.l. 

29.  Subroutine  SBGSBG:  Indicates  that  the  roll-slide  constraint  is 
being  used  with  a  hyperellipsoid,  on  cards  F.3. 

30.  Not  used. 

31.  Subroutine  DINT:  Indicates  that  a  negative  square  root  has  been 
detected  in  Subroutine  PDAUX  with  the  time  step  size  of  H-HNIN.  This  is 
usually  an  indication  that  extreme  angular  motion  occurred.  Unless 
there  are  other  obvious  errors,  causing  the  extreme  angular  motion,  it 
might  be  remedied  by  tightening  the  angular  convergance  tests  specified 
by  input  cards  B.6  or  by  decreasing  the  value  for  HMIN  on  input  card 
A.3. 


32.  Subroutine  AIRBG3 :  Indicates  a  logical  error  in  the  program. 

33.  Subroutine  IMPULS:  Indicates  that  there  were  improper  arguments 
to  Subroutine  IMPULS  indicating  a  program  logic  error. 
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34.  Subroutine  DAUX:  Indicates  that  the  value  for  NJ2  exceeded  the 
array  size  for  RHS  and  UK.  meaning  the  size  of  the  system  to  be  solved 
is  too  big  for  the  current  array  dimensions. 

35.  Subroutine  FSMSOL:  Indicates  that  the  maximum  dimension  of  600 
for  the  C  array  has  been  exceeded,  meaning  the  size  of  the  system  to  be 
solved  is  too  big  for  the  current  arr^  dimensions. 

36.  Function  FMTERF:  Indicates  that  improper  arguments  were  passed 
to  the  FNTERF  function  as  indicated  by  the  error  code  as  follows: 

1  -  FHI  less  than  -  180  deg 

2  -  PHI  greater  than  180  deg 

3  -  IHETA  less  than  zero  deg 

4  -  THETA  greater  than  180  deg 

37.  Subroutine  OUTPUT:  Indicates  that  NPRT(4)  on  input  card  A. 5  was 
less  than  or  equal  to  -4  or  greater  than  +4. 

38.  Subroutine  SBOSBO:  Indicates  that  an  interior  contact  is  being 
attempted  with  a  l^perellipsoid.  on  cards  F.3. 

39.  Subroutine  H'n.IM:  Indicates  a  computational  error  in  the 
hyperellipsoid  routines. 

40.  Subroutine  HEDING:  Indicates  that  NPRT(4)  on  input  card  A. 5  was 
less  than  or  equal  to  -4  or  greater  than  i-4. 

41.  Subroutine  DSMSQL:  Indicates  that  the  matrix  supplied  to 
Subroutine  DSMSOL  (by  Subroutine  IMFLS2.  SBGSEG.  EDEFTH  or  INTERS)  was 
singular. 

42.  Subroutine  HBFLAY:  Indicates  that  there  was  an  error  in  program 
logic  while  determining  the  points  that  are  in  play  for  harness-belt 
system. 
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43.  Subroutine  ROTATE:  Indicatee  that  the  listed  plane  number  has 
been  assigned  to  more  than  one  segment.  The  error  can  be  eliminated  by 
defining  multiple  identical  planes  on  input  Cards  D.2  and  using 
different  planes  assignments  on  input  Cards  F.l. 

44.  Subroutine  ROTATE:  Indicates  that  the  listed  hyperellipsoid 
number  has  been  assigned  to  more  than  one  segment  on  input  Cards  F.l. 
The  error  can  be  eliminated  by  defining  multiple  identical  (hyper) 
ellipsoids  on  input  Cards  D.5. 

45.  Subroutine  ROTATE:  Same  as  STOP  44  except  that  the  duplicate 
assignment  was  detected  on  input  Cards  F. 2.  Note:  Although  the 
duplicate  assignment  was  detected  on  the  indicated  input  card,  the 
original  assignment  may  have  been  made  on  input  Cards  F.l,  F.2,  F.3, 
F.6,  F.7  or  F. 8. 

46.  Subroutine  ROTATE;  Same  as  STOP  44  except  that  the  duplicate 
assignment  was  detected  for  a  first  segment  on  input  Cards  F.3.  Note: 
Although  the  duplicate  assignment  was  detected  on  the  indicated  input 
card,  the  original  assignment  may  have  been  made  on  input  Cards  F.l, 
F.2,  F.3,  F.6,  F.7  or  F.8. 

47.  Subroutine  ROTATE:  Same  as  STOP  44  except  that  the  duplicate 
assignment  was  detected  for  a  second  segment  on  input  Cards  F.3.  Note: 
Although  the  duplicate  assignment  was  detected  on  the  indicated  input 
card,  the  original  assignment  may  have  been  made  on  input  Cards  F.l, 
F.2,  F.3,  F.6,  F.7  or  F.8. 

48.  Subroutine  ROTATE:  Same  as  STOP  44  except  that  the  duplicate 
assignment  was  detected  on  input  card  F.7.  Note:  Although  the 
duplicate  assignment  was  detected  on  the  indicated  input  card,  the 
original  assignment  may  have  been  made  on  input  Cards  F.l,  F.2,  F.3, 
F.6,  F.7  or  F. 8. 

49.  Not  used. 
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50.  Subroutine  ROTATE:  Same  as  STOP  except  that  the  duplicate 
assignment  was  detected  on  input  Cards  F. 6.  Note:  Although  the 
duplicate  assignment  was  detected  on  the  indicated  input  card,  the 
original  assignment  may  have  been  made  on  input  Cards  F.l,  F.2,  F.3, 
F.6.  F.7  or  F.8. 

51.  Subroutine  ROTATE:  Same  as  STOP  44  except  that  the  duplicate 
assignment  was  detected  on  input  Cards  F.8.  Note:  Although  the 
duplicate  assignment  was  detected  on  the  indicated  input  card,  the 
original  assignment  may  have  been  made  on  input  Cards  F.l,  F.2,  F.3, 
F.6,  F.7  or  F.8. 

52.  Subroutine  POSTPR:  Indicates  that  the  number  of  points  to  be 
plotted  or  used  to  compute  the  HIC,  CSI  or  HSI  number  has  exceeded  the 
maximum  number  of  points  allowed  (currently  1000  including  time  point 
0). 

53.  Subroutine  POSTPR:  The  total  number  of  plot  axes  has  exceeded 
the  maximum  (currently  25)  and  the  abscissa  is  not  time. 

54.  Subroutine  POSPR:  Indicates  that  the  total  number  of  plot  axes 
has  exceeded  the  maximiim  (currently  25}  and  the  abscissa  is  time. 

55.  Subroutine  OUTPUT;  Indicates  that  the  reference  segment 
specified  for  a  tabular  time  history  on  the  H  cards  does  not  exist. 

56.  Subroutine  OUTPUT:  Indicates  that  the  number  of  required 
tabular  time  histories  exceeded  the  maximiim  (currently  65).  To  reduce 
the  number  of  tabular  tim  histories,  select  an  appropriate  value  for 
NPRT(18)  on  Card  A.5  to  eliminate  some  of  the  tabular  time  histories 
that  are  automatically  outputted  and/or  reduce  the  number  of  tabular 
lime  histories  requested  by  the  H  cards. 

57.  Subroutine  CONTACT;  Indicates  that  the  number  of  plane/segment 
ccitacts  exceeded  the  maximum  (currently  70).  The  total  number  of 
plane/segment  contacts  is  equal  to  the  sum  of  the  elements  of  the 
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MNPL.  (J)  array  as  specified  by  Card  F.  l.a.  This  sum  represents  the  total 
number  of  plane/ segment  contacts  specified  for  all  contact  planes. 

58.  Subroutine  HBELT:  Indicates  that  the  total  number  of  belts 
exceeded  the  maximum  (currently  20).  The  total  number  of  belts  consists 
of  the  total  number  of  simple  belts.  NBLT  on  Card  D.l  (maximum  currently 
8)  plus  the  total  number  of  harness  belts,  NBLTPK(I)  on  Card  F.8.a 
(maximum  currently  20) . 

59.  Subroutine  CONTACT:  Indicates  that  the  number  of 
segment-segment  contacts  on  Cards  F.3  exceeded  the  maximum  (currently 
40). 

60.  Subroutine  HINPUT:  Indicates  that  a  preferred  direction  was  not 
supplied  for  either  an  anchor  point  or  a  tie-point,  on  cards  F.8. 

61.  Subroutine  HINPUT:  Indicates  that  the  specified  harness  point 
is  either  a  tie-point  or  an  anchor  point  but  it  is  allowed  to  be 
perturbed  along  the  belt  line,  i.e.  the  belt  slips  instead  of  the 
reference  point  being  moved,  on  Cards  F.8. 

62.  Subroutine  HINPUT:  Indicates  that  the  reference  point  is  to 
slide  along  the  belt  line  and  normal  to  it,  but  a  preferred  direction 
was  supplied,  on  Cards  F.  8. 

63.  Subroutine  SINPUT:  Indicates  that  the  reference  number  for  the 
contact  (hyper) ellipsoid  supplied  by  Card  D.5  was  greater  than  the 
maximum  number  of  contact  (hyper)ellipeoids  allowed  (currently  40). 

64.  Subroutine  SINPUT:  Indicates  that  the  reference  number  for  the 
contact  (hyper ) ell ipsoid  supplied  by  Card  D.5  has  been  assigned  to  an 
airbag. 

65.  Subroutine  SINPUT:  Indicates  that  the  specified  number  of 
contact  planes  on  Cards  D.l  exceeds  the  maximum  (currently  30). 
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66.  Subroutine  SINPUT:  Indicates  that  the  number  of  specified  belts 
on  Card  D.l  exceeds  the  maximum  (currently  8). 

67.  Subroutine  SINPUT:  Indicates  that  the  number  of  specified  air 
bags  on  Card  D.l  exceeds  the  maximum  (currently  3). 

68.  Subroutine  SINPUT:  Indicates  that  the  number  of 

(hyper) ellipboids  supplied  by  Cards  D.5  exceeded  the  maximum  total 
number  of  contact  (hyper) ellipsoids  (currently  40).  Note  that  this 
maximum  is  attainable  only  if  some  of  the  D.5  cards  pertain  to  the 
contact  (hyper) ellipsoids  automatically  assigned  to  the  seg^ients  and 
given  the  same  number  as  the  segment  number.  The  total  number  of 
contact  (hyper) ellipsoids,  consists  of  the  contact  ellipsoids 
automatically  assigned  to  each  segment  on  the  B.2  cards  plus  any 
additional  ones  specified  by  the  D.S  cards. 

69.  Subroutine  SINPUT:  Indicates  that  the  number  of  specified 
constraints  on  Card  D.l  exceeded  the  maximum  (currently  12).  Note  that 
Type  5  constraints  (tension  elements)  are  considered  as  two  constraints 
when  computing  the  total  number  of  constraints. 

70.  Subroutine  SINPUT:  Indicates  that  the  nimber  of  specified 
spring  dampers  on  Card  D.l  exceeded  the  maximum  (currently  20). 

71.  Subroutine  SINPUT:  Indicates  that  the  number  of  specified 
harnesses  on  Card  D.l  exceeded  the  maximum  (currently  3). 

72.  Subroutine  SINPUT:  Indicates  that  the  number  of  specified  wind 
force  functions  on  Card  D.l  exceeded  the  maximum  (currently  30  if  no 
other  force  functions  are  used).  If  used  in  conjunction  with  any  othei 
previously  defined  force  function,  the  total  number  of  force  functions 
and  wind  force  functions  cannot  exceed  the  maximum  (currently  50). 

73.  Subroutine  SINPUT:  Indicates  that  the  number  of  specified  joint 
functions  exceeded  on  Card  D.l  the  maximum  (currently  30  if  no  other 
force  functions  are  used).  If  used  in  conjunction  with  other  preceeding 
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force  functions,  the  total  number  of  force  functions  including  the  joint 
function  cannot  exceed  the  maximum  (currently  50). 


74.  Subroutine  SINPUT:  Indicates  that  the  nuaber  of  specified 
force/torque  functions  on  Card  D.l  exceeded  the  maximum  (currently  5). 

75.  Subroutine  AIRBGl:  Indicates  that  the  total  number  of  segments 
in  the  program  exceeded  the  maximum  (currently  30).  The  total  number  of 
segments  consists  of  the  segments  specified  by  the  B.2  cards  (NSEC),  any 
vehicle  segments  (as  specified  hy  the  C  Cards),  any  airbags  (NBAS  on 
Card  D.l)  and  the  ground. 

76.  Subroutine  AIRBGl:  Indicates  that  more  than  4  contact  planes 
(ellipsoids)  were  specified  for  an  airbag. 

77.  Subroutine  BINPUT:  Indicates  that  the  total  number  of  body 
segments  (NSBG)  exceeded  the  maximum  on  Card  B.l  (currently  28).  The 
total  number  of  body  segments  must  be  at  most  2  less  than  the  maximum 
for  the  total  number  of  segments  (currently  30)  because  there  must 
always  be  at  least  1  vehicle  segment  and  1  ground  segment.  If  the 
maximum  value  for  NSEC  is  used,  there  can  be  no  airbags  or  secondary 
vehicles. 

78.  Subroutine  BINPUT:  Indicates  that  the  total  number  of  joints 
exceeded  the  maximum  (currently  30),  on  Card  B.l. 

79.  Subroutine  VINPUT:  Indicates  that  the  total  number  of  points 
for  the  unidirectional  input  (option  2)  exceeded  the  maximum  (currently 
99) ,  on  Cards  C. 

80.  Subroutine  VINPUT:  Indicates  that  the  total  number  of  points 
for  the  6  degree- of-freedom  deceleration  input  (option  3)  exceeded  the 
maximum  (currently  501) ,  on  Cards  C. 
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81.  Subroutine  V INPUT:  Indicates  the  total  number  of  actual  time 
points  for  the  spline  fit  input  (option  4)  exceeded  the  maximum 
(currently  501),  on  Cards  C. 

82.  Subroutine  V INPUT:  Indicates  that  type  I  spline  input  data  were 
specified  but  the  order  of  the  curve  fit  was  specified  to  be  less  than 
2,  on  Cards  C. 

83.  Subroutine  VINPUT:  Indicates  that  type  2  spline  input  data  were 
specified  but  the  order  of  the  curve  fit  was  specified  to  be  less  than 
1,  on  Cards  C. 

84.  Subroutine  OUTPUT:  Indicates  that  the  total  nimber  of  tabular 
time  histories  on  Card  H.l,  H.2  or  H.3  has  exceeded  the  maximum 
(currently  20). 

85.  Subroutine  CUTPUT:  Indicates  that  the  total  number  of  tabular 
time  histories  on  Card  H.4.  H.5,  H.6,  H. 7  or  H.8  has  exceeded  the 
maximum  (currently  20). 

86.  Subroutine  OUTPUT:  Indicates  that  the  number  of  bodies 
specified  on  Card  H.IO  for  which  the  centei^of-maes  and  related 
quantities  are  to  be  output  as  tabular  time  histories  has  exceeded  the 
maximum  (currently  5). 

87.  Subroutine  OUTPUT:  Indicates  that  the  number  of  segments  to  be 
included  in  a  body  on  Cards  H.IO  has  exceeded  the  maximimi  (currently 
22). 

88.  Subroutine  BELTS:  Indicates  that  the  location  of  the  A  anchor 
point  of  the  simple  belt  (BELT(1,2,3;J).  Card  D.3.b)  was  in  the  interior 
of  the  contact  ellipsoid  to  which  the  simple  belt  is  attached.  To  avoid 
this  situation,  reposition  the  A  anchor  point  such  that  the  anticipated 
motion  of  the  contact  ellipsoid  to  which  the  simple  belt  is  attached 
will  not  cause  it  to  come  near  the  location  of  the  A  anchor  point. 

Refer  to  the  message  written  on  output  unit  6  for  the  belt  at  fault. 
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89.  Subroutine  BELTG:  Indicates  that  the  location  o£  the  B  anchor 
point  o£  the  simple  belt  (BELT(4,5.6:J).  Card  D.3.b)  was  in  the  inter! oi 
of  the  contact  ellipsoid  to  which  the  simple  belt  is  attached.  To  avoid 
this  situation,  reposition  the  B  anchor  point  such  that  the  anticipated 
motion  of  the  contact  ellipsoid  to  which  the  simple  belt  is  attached 
will  not  cause  it  to  come  near  the  location  of  the  B  anchor  point. 

Refer  to  the  message  written  on  output  unit  6  for  the  belt  at  fault. 

90.  Not  used. 

91.  Subroutine  FOSTPR:  Indicates  that  the  head  injury  criteria  was 
requested  on  Card  H.ll  with  improper  values  of  NPRT(26)  and  NPRT(30),  on 
Card  A. 5. 

92.  Subroutine  POSTPR:  Indicates  that  the  chest  severity  index  was 
requested  on  Card  H.ll  with  improper  values  of  NPRT(26)  and  NPRT(30),  on 
Card  A. 5. 

93.  Subroutine  MAINA:  The  value  for  NPRT(26)  on  Card  A. 5  is  greater 
than  6.  Permitted  values  are  -6  through  6. 

94.  Not  used. 

95.  Not  used. 

96.  Subroutine  SINPUT:  Indicates  that  improper  values  were  supplied 
for  segments  assigned  to  be  symmetric,  on  Card  D.7. 

97.  Subroutine  SINPUT:  Indicates  that  a  segment  number  supplied  for 
symmetry  option  on  Card  D.7  exceeds  the  number  of  segments. 

98.  Not  used. 

99.  Subroutine  BINPUT:  Indicates  that  the  number  of  flexible 
elements  exceeds  the  maximum  (currently  8). 
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100. 
el  einent 

101. 

greater 


Subroutine  BIMPUT:  Indicates  that  the  HF  array  for  a  flexible 
was  improperly  prescribed,  on  card  B.7. 

Subroutine  BINPUT:  Indicates  that  the  value  for  lOYPR  is 
than  3.  on  Card  B.3. 
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6.0  LOGICAL  UNITS  ASSOCIATED  WITH  THE  ATB  MODEL 


Execution  of  the  ATB  program  requires  the  use  of  several  FORTRAN 
input/ output  files.  Except  for  the  primary  input  and  output  files 
(FORTRAN  unit  Nos.  5  and  6).  the  use  of  each  I/O  file  is  controlled  by 
input  parameters  contained  within  the  program  input  file.  It  is 
therefore  necessary  that  the  job  control  stream  for  a  ATB  computer  run 
contain  those  control  statements  required  by  the  host  computer’s 
operating  system  to  access  those  I/O  files  that  the  run  may  use. 

The  AIS  program,  like  most  FORTRAN  programs,  requires  files  to  provide 
for  input  and  output.  However,  because  of  the  complexity  of  the  ATB 
model  and  the  potential  for  huge  amounts  of  output  from  a  single 
simulation,  the  ATB  program  was  written  so  that  not  all  possible  files 
are  written  out  for  each  run.  This  tailoring  of  the  nimber  of  files  to 
be  written  for  each  simulation  has  been  somewhat  confusing  because  some 
aspects  of  it  are  explicit  (the  user  sets  a  flag  for  the  type  and 
frequency  of  the  desired  output)  and  others  are  implicit  (indirectly 
determined  by  the  type  and  number  of  force  deflection  interactions, 
etc) . 

A  logical  unit  is  the  device  or  file  from  which  or  to  which  input  or 
output  from  a  FORTRAN  program  is  to  be  sent.  The  READ  and  WRITE 

statements  of  FORTRAN  are  in  the  form  READ  (z.y)  where  x  is  the  logical 

unit  number  and  y  is  the  statement  ntmiber  of  a  FORMAT  statement  (for 
formatted  types  of  I/O).  This  way  of  dealing  with  input  and  output  is 
handy  because  when  the  program  is  compiled  it  is  not  required  to  send 

output  to  any  specific  file,  it  only  sends  it  to  a  logical  unit.  The 

file  that  is  assigned  to  that  unit  can  be  different  each  time  the 
program  is  run.  facilitating  the  use  of  different  input  files  and 
correspondingly  different  output  files.  It  is  the  job  of  the  operating 
system  (either  explicitly  by  job  control  statements  or  implicitly  with 
default  file  names)  to  put  (create  and  then  assign)  files  at  the 
addresses  of  the  logical  units  required  for  a  program  every  time  the 
program  is  loaded  (taken  from  disk  memory  and  placed  in  the  computer's 
memory)  and  executed  (run). 
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The  ATB  model  has  an  open-ended  number  of  required  logical  units  which 
depends  on  the  amount  of  output  requested  by  parameters  in  the  input 
file.  All  computer  operating  systems,  on  the  other  hand,  do  not  have  an 
open-ended  number  of  permitted  logical  unite  that  can  be  associated  with 
individual  programs  (and  for  that  matter  all  programs  being  run  at  a 
particular  time).  Hie  actual  limit  to  the  number  of  logical  units  a 
particular  program  can  have  is  a  function  of  the  system  specification 
where  the  user  is  running  the  ATB  model.  Factors  that  can  affect  this 
limit  could  be  the  computer  type,  type  of  operating  system,  sysgen 
parameters  for  the  particular  operating  system,  amount  of  system  space, 
parameters  set  when  the  program  was  linked,  parameters  set  when  the 
program  was  compiled,  number  of  jobs  in  the  system  when  the  ATB  job  is 
running  and  their  logical  unit  requirements,  size  of  the  disk  directory, 
amount  of  free  disk  space  and  others.  If  the  user  experiences  problems 
with  the  number  of  logical  units  and  the  number  of  available  logical 
units  cannot  be  increased,  the  user  will  have  to  reduce  the  number  cf 
logical  units  required  for  the  particular  run,  usually  by  changing 
parameters  associated  with  the  tabular  time  histories. 

Table  2  summarizes  all  of  the  FORTRAN  logical  units  that  may  be  used  by 
the  ATB  program. 
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TABLE-  2 

Stamary-  of-  ATS  Trogram-  I/O  Eiies 


LOGICAL 

GENERATING 

CONTROLLING 

UNIT  TYPE* 

DESCRIPTION 

SUBROUTINE 

PARAMETERS 

1 

U 

Program  VIEW  Input 

UNITl 

NRPT(l)  on  Card  A.  5 

2 

F 

Printer  plots 

PRIPLT 

NRPT(5.6.7)on  Card  A. 5 

3 

U 

Restart  output 

RSTART 

IRSOUT  on  Card  A. l.a 

4 

U 

Restart  input 

RSTART 

IRSIN  on  Card  A. l.a 

5 

F 

Primary  input 

several 

alw^s  required 

6 

F 

Primary  output 

several 

alw^s  required 

8 

U 

Time  histories 

OUTPUT 

NPRT(4)  on  Card  A.  5 

10 

U 

CAL COMP  plots 

POSTPR 

NPRT(4)  on  Card  A.  5 

21  + 

F 

Time  Histories 

OUTPUT 

NPRT(4)  on  Card  A. 5 

* 

I^pe  is 

F  for  formatted.  U  for 

unformatted  file. 

6.1  VIEW  OUTPUT  (Unit  1) 


Logical  unit  No.  1  is  an  unformatted  (binary)  output  file  designed  to  be 
used  as  input  to  the  VI£M  program  (Ref.  6).  the  program  that  creates  the 
graphics  frequently  associated  with  the  AIB  model.  It  is  generated  by 
Subroutine  UNITl  of  the  AIB  program. 

The  generation  of  this  output  file  is  controlled  by  the  value  of  NFRT(l) 
that  is  supplied  on  input  Card  A.5.  A  blank  or  zero  value  for  NPRT(l) 
will  suppress  the  generation  of  output  file  No.  1,  whereas  a  non-zero 
positive  value  will  produce  data  records  on  output  file  No.  1  that  are 
equally  spaced  at  every  m*DT  seconds  of  simulation  time  starting  at  0 
time,  where  m  is  the  integer  value  of  NPRT(1}  and  DT  is  defined  on  input 
Card  A. 4. 


The  first  record  on  output  file  No.  1  contains  fixed  initialization  data 
describing  the  plane  and  contact  ellipsoids,  and  succeeding  records 
contain  the  values  of  time  and  the  c.g.  linear  coordinates  in  inertial 
reference  and  the  direction  cosine  matrix  for  each  of  the  body  segments. 
On  those  computer  systems  that  use  double  precision  computations  within 
the  ATB  program,  the  data  output  on  UNITl  are  converted  to  single 
precision  prior  to  output. 
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6.2  PRINTER  PLOT  OJTPUT  (Unit  2) 


Logical  unit  No.  2  is  a  formatted  output  file  to  be  printed  as  optional 
program  output.  It  contains  printer  plots  generated  by  Subroutine 
PRIELT  depicting  Y-Z,  X-Z  and  X-Y  plane  views  of  the  body  segments, 
joints,  belts,  harness-belts  and  airbags.  Their  generation  is 
controlled  by  the  values  of  NPRT(5,  6  and  7)  supplied  on  input  Card  A. 5 
for  the  Y-Z,  X-Z  and  X-Y  plane  views,  respectively.  If  any  value  is 
zero  or  blank,  the  corresponding  view  will  not  be  generated;  if  nonzero, 
the  corresponding  view  will  be  generated  every  m*DT  seconds,  where  m  is 
the  positive  nonzero  value  of  the  NPRT  indicator  and  DT  is  defined  on 
input  Card  A.  4. 

These  printer  plots  have  also  been  called  "stickman  plots".  Each  view 
gives  the  location  in  the  primary  vehicle  reference  coordinate  system  of 
the  following  points: 

1.  The  c.g.  position  of  each  body  segment  using  the  plot 
symbols  defined  by  OSS(I)  for  I  =  1  to  NSEXJ  as  supplied  on  input  Cards 

B.2. 


2.  Each  joint  position  using  the  plot  symbols  defined  by  JS(J) 
for  J  =  1  to  NJNT  as  supplied  on  input  Cards  B.3. 

NOTE:  It  has  been  found  to  be  much  easier  to  visualize  the 
printer  plots  by  supplying  values  for  OGS  and  JS  variables 
for  each  of  the  "standard"  15  segments  as  depicted  in  Table  3. 
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TABLE-  3 


tjuggested  Printer  Plot  Symbols 


segnent  or  j  oint 
OGS  or  JS 


H  -HP  -  N  -NP  -UT  -  W  -CT  -  P  -LT 
1-2-3-4-5-6-7-8-9 


segment  or  j  oint 
CSS  or  JS 


RH  -RUL-RK  -RLL-RA  -RF 
A-B-C-D-E-F 


segment  or  j  oint 
CCS  or  JS 


LH  -LUL-LK  -LLL-LA  -LF 
I-J-K-L-M-N 


segment  or  joint 
CCS  or  JS 

segment  or  j  oint 
CCS  or  JS 


RS  -RUA-RE  -RLA 
P  -  Q  -  R  -  S 

LS  -LUA-LB  -LLA 
W  -  X  -  Y  -  Z 


3.  The  anchor  points,  tangent  points  and  fixed  point  for  each  belt 
using  the  plot  symbol".". 


4.  Each  point  in  play  for  the  harness- belt  systems  using  the  plot 
symbol 


5.  The  center  and  semiaxes  endpoints  for  each  airbag  using  the 
plot  symbols  "fi"  for  the  center,  for  the  endpoints  of  the  Z  axis  and 
"1"  for  the  endpoints  of  the  X  and  Y  axes. 

6.  The  origin  of  the  vehicle  reference  coordinate  system  using  the 

plot  symbol  This  origin  (in  X,  Y,  and  Z  plot  coordinates)  is 

specified  by  the  values  of  ZPLT  on  input  Card  G.l.a.  all  plotted  points 
are  translated  with  respect  to  this  origin,  and  those  plot  coordinates 
falling  outside  of  the  plotting  area  (1  to  120  for  the  plot  Z  axis,  and 

1  to  60  for  the  plot  X  and  Y  axes)  are  ignored. 


The  printed  output  pages  produced  from  FORTRAN  output  No.  2 
consist  of  60  lines  of  120  characters  each.  In  general,  the  first  or 
top  lire  represents  the  plot  Z  axis  and  the  first  column  or  the  left 
side  edge,  running  from  top  to  bottom,  represents  the  plot  X  axis.  If 
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the  view  contains  the  plot  Y  axis,  it  is  used  in  place  of  the  unused  X 
or  Z  axis.  By  rotating  the  printed  pages  90  degrees  in  a 
counter-clockwise  direction,  the  printed  page  becomes  more  familiarly 
orientated,  i.e. ,  negative  Z  up  and  positive  X  to  the  right  from  the 
lower  left  corner.  The  first  character  of  each  line  is  filled  with  the 
symbol  that  serves  as  tick  marks  along  the  positive  plot  X  axis. 

The  distance  between  each  of  these  tick  marks  is  one  length  unit  (UNITL 
on  input  Card  A. 3.)  Distances  or  lengths  in  the  plot  Z  direction  are 
the  same  and  are  established  by  the  supplied  values  of  SPLT  on  input 
Card  G.l.b.  to  accomodate  printers  that  differ  from  default  values  of  1C 
horizontal  characters  and  6  lines  per  inch. 


6.3  RESTART  INPUT  AND  OUTPUT  (Units  3  and  4) 

The  ATB  program  has  a  built-in  optional  restart  procedure  that  is 
versatile  and  independent  of  the  computer  and  operating  sysuem  being 
used.  This  option  allcws  a  simulation  to  be  made  as  a  base  run,  then 
program  parameters  can  be  changed  and  the  simulation  continued,  as  a 
restart  run. 

To  use  the  restart  procedure,  the  following  steps  must  be 
followed: 

1)  Any  computer  simulation  run  (including  a  restart  run  itself) 
may  be  a  base  run  by  defining  the  restart  output  unit  IRSOUT  =  3 
on  card  A. 1. A. 

2)  To  restart  the  base  run,  define  the  restart  input  unit  as 
IRSIN  =  4  and  the  restart  time  (RSTIME)  on  card  A. l.A.  and 
redefine  the  data  and  run  description  on  cards  A. l.A-A. l.C. 

3)  Program  parameters  ere  modified  on  cards  A. 2  which  permit  the 
user  to  change  ary  variables  in  the  program  labeled  common  blocks. 
No  further  input  is  required  for  the  restart  run. 
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4)  For  the  restart  run,  the  program  is  loaded  into  the  computet 
ab  normal.  However,  the  user  must  properly  assign  the  restart 
input  and  output  units. 

To  use  the  restart  procedure,  the  user  should  be  aware  of  the  following 
procedures,  considerations  and  restrictions. 

1)  The  procedure  consists  of  two  subroutines  (RSTART  and  SEARCH 
called  by  the  main  program)  written  entirely  in  FORTRAN  IV  and  is 
therefore  completely  independent  of  the  computer  and  operating 
system  being  used. 

2)  The  restart  procedure  is  completely  optional.  Its  use  is 
controlled  by  three  additional  input  parameters  on  the  first  input 
card  in  such  a  manner  that  blank  or  zero  values  deactivate  the 
procedure.  This  permits  its  optional  use  without  disturbing  the 
organization  of  current  input  decks. 

3)  Any  computer  simulation  can  be  made  a  base  run  by  setting 
IRSCIJT  =  3  on  card  A. l.A.  This  defines  the  restart  output  unit  as 
3  and  requires  that  the  logical  unit  3  be  assigned  to  a  file. 

4)  During  execution  of  the  base  run,  an  initial  record  is  written 
on  the  restart  output  unit  containing  all  the  information  in  the 
program  labeled  common  blocks  that  were  defined  by  the  input  and 
initialization  portions  of  the  program. 

5)  At  equally  spaced  simulation  time  intervals  (DT  as  specified 
on  card  A. 4),  when  the  integration  returns  control  to  the  main 
program  to  perform  optional  output,  time  point  records  are  written 
on  the  restart  output  unit.  These  records  contain  all  information 
in  the  program's  labeled  common  blocks  that  are  time  dependent 
and/or  necessary  to  restart  the  program.  The  writing  of  the 
restart  unit  in  no  way  disturbs  the  normal  operation  of  the 
computer  simulation. 
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6)  To  restart,  the  program  is  reloaded  in  the  normal  manner 
(program  changes  since  the  base  run  are  permissible  if  the  changes 
did  not  affect  the  format  and  contents  of  the  restart  unit.) 

Input  cards  A.l.A,  A.l.B  and  A. l.C  are  required  defining  a  new 
date,  run  description,  the  restart  input  unit  number  (IRSIN,  a 
value  of  4  is  suggested)  and  the  restart  time  (RSTIME,  an  integral 
multiple  of  DT).  IRSOUT  may  be  defined,  if  desired,  to  generate 
an  additional  restart  output  unit.  Again  make  sure  the  proper 
control  statements  are  included  for  units  IRSIN  and  IRSOUT. 

7)  The  program  reads  the  initial  input  record  from  the  restart 
input  unit  described  in  step  4.  The  program  then  bypasses  the 
remainder  of  the  input  and  initialization  steps.  One  set  of  A. 2 
cards  are  then  processed  to  modify  any  of  the  input  or 
initialization  data  from  the  base  run  that  is  to  apply  to  the  new 
run.  If  the  new  value  of  IRSOUT  is  non-zero,  step  4  is  repeated 
for  the  new  restart  output  unit  with  the  input  modifications,  if 
any . 

8)  The  program  then  advances  the  computer  simulation  time  in  DT 
incronents  by  reading  the  restart  input  unit  records,  instead  of 
calling  the  integrating  routine  DINT,  up  to  and  including  the 
restart  time  RSTIME.  After  each  step,  the  main  program  performs 
any  optional  output  that  is  required  including  writing  the  time 
point  record  onto  the  new  restart  output  unit,  if  required.  In 
addition,  the  restart  procedure  calls  Subroutine  OUTPUT  at  each  DT 
time  increment  to  write  a  line  of  output  on  all  the  time  history 
output  units,  thereby  producing  abbreviated  time  histories  prior 
to  the  resumption  of  normal  operation. 

9)  Immediately  preceeding  the  resumption  of  normal  operation  at 
the  restart  time  RSTIME,  the  second  set  of  A. 2  input  cards  is  read 
allowing  the  user  to  change  any  variable  in  the  labeled  common 
blocks  to  be  used  by  the  program  during  the  succeeding  normal 
operation  of  the  program. 
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10)  All  variable  modifications  are  made  through  the  use  of  the 
input  cards  A. 2.  IWo  sets  (each  terminated  by  a  blank  card)  arc 
processed,  the  first  after  the  input  record  is  read  from  the 
restart  input  time,  and  the  second  just  prior  to  resumption  of 
normal  operation  of  the  program.  Through  the  use  of  these  cards, 
the  user  has  the  capability  of  changing  any  variable  in  the 
program  labeled  common  blocks.  The  program  merely  makes  the 
changes  indicated  by  the  user  and  no  attempt  is  made  to  check  the 
validity  or  consistency  of  the  modifications.  Variables  that  arc 
useful  to  change  include: 

1.  NSTEPS,  DT,  to  control  the  length  of  the  run. 

2.  Elements  of  NPRT  array,  to  control  optional  output. 

3.  HMIN.HMAX.NDINT.SGTEST,  to  control  the  integrator. 

4.  Variables  that  define  the  position  and  characteristics 
of  the  planes  and  other  contact  devices. 

Some  variable  modifications  should  not  be  made  including: 

1.  Modifications  that  would  cause  abrupt  discontinuities  ir 
the  integration  procedure. 

2.  Geometrical  dimensions  of  the  body  segments  and  joints 
used  to  compute  segment  positions  by  the  CHAIN  procedure. 

3.  Controls  of  contacts,  constraints  that  are  currently 
active. 

4.  Control  of  force  deflection  characteristic  functions 
that  are  currently  loading  or  reloading. 

In  general,  the  user  should  carefully  evaluate  the  potential  effects  of 
restart  modifications  before  prescribing  them. 

6.4  STANDARD  INPUT  (Unit  5) 

7'he  standard  input  file  for  the  ATS  program  is  logical  unit  No.  5.  It 
contains  all  the  required  input  for  a  standard  ATS  simulation  and  is 
described  in  detail  in  Section  4.0. 
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6.5  PRIMARY  OUTPUT  (Unit  6) 


The  primary  output  file  for  the  ATB  program  ie  logical  unit  Nc.  6.  It 
contains  the  following  items: 

1.  A  labelled  echo  of  the  ATB  program  input  data. 

2.  Subroutine  PRINT  produces  tables  of  segment  linear  and  angular 
position  information,  joint  forces  and  torques,  the  sum  of  all  external 
forces  and  torques  acting  on  each  segment,  and  constraint  forces  data. 
These  data  are  generated  by  the  main  program  at  fixed  time  intervals  tif 
m*DT  seconds,  where  m  is  the  value  of  NPRT(3)  supplied  on  input  Card  A. 5 
and  DT  on  input  Card  A. 4,  and  by  other  subroutines  for  diagnostic 
purposes.  In  general,  these  tables  are  not  as  useful  as  the  tabular 
time  histories  (to  be  discussed  later),  and  their  generation  may  be 
completely  suppressed  by  setting  NPRT(3)  equal  to  zero  on  input  Caid 

A. 5. 


3.  Tables  of  the  computer  elapsed  CPU  time  used  by  selected 
subroutines  and  the  number  of  calls  to  these  subroutines  are  generated 
by  Subroutine  ELTIME.  They  are  printed  at  fixed  time  intervals  as 
specified  by  DT  on  input  Card  A.4  at  a  frequency  specif  iecJ  by  NPRT(2) . 
When  NPRT(2)  is  zero  the  table  is  generated  only  once  at  the  successful 
completion  of  a  run  of  the  ATB  program. 

4.  Diagnostic  type  output  is  produced  at  every  call  to  various 
subroutines  as  controlled  by  the  values  supplied  for  NPRT(8)  to  (28)  on 
input  Card  A. 5.  This  output  is  intended  for  diagnostic  or  checkout 
purposes  only,  and,  if  used  indiscriminately,  can  produce  voluminous 
amounts  of  output.  This  output  is  not  always  ccanpletely  annotated  and 
the  user  should  refer  to  the  listing  of  the  subroutine  involved  for  a 
description  of  the  variables  printed. 

5.  Short  descriptions  of  changes  in  some  of  the  conditions  of  a 
ATB  run  are  produced  as  they  occur.  They  include: 
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a.  Failures  of  the  convergence  tests  for  the  program 
integrutor  that  cause  the  integration  step  to  decrease  in 
size.  The  time,  step  size,  segment  and  test  involved,  and 
the  final  convergence  test  parameters  are  printed.  NOTE: 
These  messages  are  normal  and  do  not  indicate  an  error  in 
the  simulation.  A  stop  will  occur  if  the  integration  step 
becomes  too  small. 

b.  Changes  in  the  lock  conditions  of  joints  as  detected  by 
changes  in  the  values  of  IPIN  or  lEULER  for  the  various 
joints.  The  time,  previous  and  new  values  of  the  indicator, 
and  the  identification  nmber  of  nomenclature  of  the  joint 
involved  are  printed. 

c.  Changes  in  the  set  of  contact  points  in  play  for  the 
harness-belt  systems  are  indicated  by  listing  the  time,  the 
set  of  points  and  the  distance  between  them  at  e'^ch  time  a 
point  is  added  to  or  deleted  from  the  set  of  points. 

6.  A  page  containing  values  of  the  head  injury  criterion  (HIC) , 
head  and  chest  severity  indices  (HSI  and  CSI)  and  related  information  is 
produced  under  the  following  conditions: 

a.  The  tabular  time  histories  are  produced  on  output  file 
no.  8  (see  below)  by  supplying  a  nonzero  value  for  NPRT(A) 
on  input  Card  A. 5. 

b.  Accelerations  for  the  head  and  chest  are  generated  on 
the  tabular  time  histories  as  specified  on  input  Cards  H.l. 

c.  Either  JDTPTS(l)  or  (2)  is  nonzero  as  specified  on  input 
Card  H.ll. 

7.  The  tabular  time  histories  may  be  generated  on  the  primary 
output  file  as  described  in  the  next  section. 


fa. 6  TABULAR  TIME  HISTORIES  (Units  6  and  8,  or  21,  22.  23,...) 

The  tabular  time  histories  are  perhaps  the  most  useful  output  of  the  AIB 
program.  Their  generation,  contents,  frequency  of  output  and  the  manner 
by  which  they  are  generated  are  completely  controlled  by  program  input 
parameters. 

6.6.1  Control  of  Types  of  Tabular  Time  History  Pages 

The  tabular  time  histories  are  generated  by  Subroutine  OUTPUT.  The 
type  and  format  of  data  produced  is  controlled  by  program  input  as 
follows : 


6.6. 1.1  Optional  Pages  Controlled  By  Input  Cards  H.l  to  H.IO. 
The  output  of  the  optional  time  histories  is  controlled  by  Caras  H. 1  to 
H.IO. 


a.  Output  of  the  components  and  resultant  of  linear 
accelerations  for  points  on  segments  is  specified  by  input 
Cards  H.l.  These  tables  are  printed  out  with  three  time 
histories  per  page. 

b.  Output  of  the  components  and  resultant  of  linear 
velocities  for  points  on  segments  is  specified  by  input 
Cards  H.2.  These  tables  are  printed  out  with  three  time 
histories  per  page. 

c.  Output  of  the  components  and  resultant  of  linear 
positions  for  points  on  segments  is  specified  by  input  Cards 
H.3.  These  tables  are  printed  out  with  three  time  histories 
per  page. 
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d.  Output  of  the  components  and  resultant  of  angular 
acceleration  for  segments  is  specified  by  input  Cards  H.4. 
These  tables  are  printed  out  with  three  time  histories  per 
page. 

e.  Output  of  the  components  and  resultant  of  angular 
velocities  for  segments  is  specified  by  input  Cards  H.5. 
These  tables  are  printed  out  with  three  time  histories  per 
page. 

f.  Output  of  the  components  (yaw.  pitch  and  roll)  and 
resultant  of  angular  rotations  for  segments  is  specified  by 
input  Cards  H.6.  These  tables  are  printed  out  with  three 
time  histories  per  page. 

g.  Output  of  the  lock  condition,  angles  and  resistive 
torques  for  joints  is  specified  by  input  Cards  H.7.  These 
tables  are  printed  out  with  two  time  histories  per  page. 

h.  Output  of  the  ccmponents  and  resultant  of  the  wind 
forces  on  segments  is  specified  by  input  Card  H.8.  These 
tables  printed  out  with  three  time  histories  per  page. 

i.  Output  of  the  components  of  the  forces  and  torques 
transferred  across  the  joints  is  specified  by  input  Card 
H.9.  These  tables  are  printed  out  with  one  time  history  per 
page. 

j.  Output  of  the  center  of  gravity  location,  linear  and 
angular  momentum,  and  kinetic  energy  of  sets  of  segments 
(bodies)  is  specified  by  input  Card  H.IO.  These  tables  are 
printed  out  with  one  time  history  per  page. 

6.6. 1.2  Results  of  Forces  Generated  For  Allowed  Contacts. 

The  output  of  these  time  histories  is  controlled  by  NPRT(18)  on  input 
Card  A. 5. 
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a.  Output  of  contact  forces  data  for  the  allowed  contacts 
between  planes  and  segments  is  specified  by  input  Cards  F.  i . 
These  tables  contain  two  plane  -  segment  contact  time 
histories  per  page. 

b.  Output  of  strain  and  anchor  point  forces  for  each 
allowed  contact  between  belts  and  segments  is  specified  by 
input  Cards  F.2.  These  tables  contain  two  belt  -  segment 
contact  time  histories  per  page. 

c.  Output  of  strain  and  endpoint  forces  for  all  belt 
sections  of  the  harness  belt  systems  from  the  points 
specified  as  endpoints  is  specified  by  input  Cards  F.B.d. 
These  tables  contain  two  belt  section  time  histories  per 
page. 

d.  Output  of  the  results  of  spring  damper  forces  is 
specified  by  input  Cards  D. 8.  These  tables  contain  two 
spring  damper  time  histories  per  page. 

e.  Output  of  contact  forces  data  for  the  allowed  contacts 
between  segments  is  specified  by  input  Cards  F.3.  These 
tables  contain  one  segment  -  segment  contact  time  history 
per  page. 

f.  Output  of  the  airbag  parameters  and  contact  forces  for 
the  allowed  contacts  between  airbags  and  segments  is 
specified  by  input  Cards  F.6.  These  tables  contain  four 
airbag  -  segment  contact  time  histories  per  page. 
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6.6.2  Methods  of  Generating  the  Tabular  Time  Hietories 

The  ATB  program  contains  two  methods  that  may  be  used  to  generate  the 
tabular  time  histories.  These  are  controlled  by  the  value  supplied  tor 
MFKT(A)  on  input  Card  A. 5. 

6. 6. 2.1  Multiple  Secondary  Output  Files  (Units  21.  22. 
23,...).  The  first  method  (NPRT(4)  =  0,  1  or  4)  causes  Subroutines 
OUTPUT  and  HEDING  to  produce  the  tabular  time  histories  on  multiple 
secondary  output  files,  commencing  with  logical  unit  No.  21  and  using  up 
to  65  consecutive  unit  numbers  as  required  by  the  program  input,  with 
each  new  page  type  (as  described  in  the  previous  section)  assigned  to 
the  next  higher  logical  unit  number.  This  method  requires  control 
statements  be  included  in  the  ATB  program  input  stream  to  assign  and 
print  these  multiple  secondary  output  files  as  required  by  the  host 
computer  system.  The  maximum  number  of  these  multiple  secondary  files 
car  be  increased  by  changing  the  Stop  in  subroutine  OUTPUT. 

The  first  page  generated  in  the  sequence  described  above  will  be 
assigned  to  logical  unit  No.  21  and  identified  as  page  21.01.  As  new 
page  types  art  required,  they  will  be  assigned  to  logical  unit  Nos.  22, 
23,  etc.  with  the  first  printed  page  on  each  unit  identified  as  page 
22.01,  23.01,  etc.  The  heading  on  each  printed  page  contains  this  page 
iaentif icaticn  in  the  upper  right  corner,  followed  by  lines  containing 
the  date  (DATE  from  input  Card  A. l.a).  run  description  (COMENT  from 
input  Cards  A. l.b  and  c),  the  vehicle  deceleration  (VFSTTL  from  input 
Card  C. 1),  crash  victim  identification  (BDYTTL  from  input  Card  B.l),  and 
a  completely  annotated  description  of  the  tabular  columns  contained  on 
each  page. 

The  first  column  of  each  line  on  every  file  contains  the  value  of  TIME 
(msec).  Each  individual  page  on  each  file  contains  45  lines  of  tabular 
data.  Each  page  is  numbered  with  a  unique  identification  of  the  forti 
Nl.XX  where  NT  is  the  logical  unit  number  and  .XX  is  a  decimal  number 
commencing  with  .01  and  incremented  by  .01  for  subsequent  pages  of  each 
file.  Each  page  contains  the  complete  heading  inform ation  described  in 
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the  previous  paragraph.  Therefore,  the  pages  from  the  different  NT 
files  and  with  the  same  .XX  identifier,  contain  the  tabular  time  historj 
data  for  the  same  time  points. 

The  frequency  cf  the  printed  lines  of  output  on  each  file  or  page  of  the 
tabular  time  histories  is  controlled  by  the  supplied  value  of  NPRT(26) 
on  input  Card  A. 5. 


6. 6. 2. 2  Post-Processing  Time  History  Data  File  (Units  6  and 
8).  The  data  generated  for  the  tabular  time  histories  by  Subroutine 
OUTPUT  can  be  transmitted  to  an  unformatted  output  file  (logical  unit 
no.  8)  designed  to  serve  as  an  input  file  for  the  post-processing 
features  available  in  the  ATB  program.  The  generation  of  this  time 
history  output  file  and  its  use  by  the  post-processing  features  is 
controlled  by  the  value  of  NPRT(4)  supplied  on  input  Card  A. 5  as 
follows : 


a.  NPRT(4)  =  0  (default):  The  time  history  file  (logical 
unit  no.  8)  is  not  created  or  accessed  and  the  tabular  time 
histories  are  produced  on  the  multiple  secondary  output 
files  as  described  above. 

b.  NPRT(4)  =  1,  ....  4;  The  time  history  file  is 
generated  as  an  unformatted  output  file  (logical  unit  no.  8) 
by  Subroutine  OUTPUT  during  the  integration  process  portion 
of  the  ATB  program.  The  frequency  of  data  stored  on  the 
time  history  file  is  controlled  by  the  supplied  value  for 
NPRT(26)  on  input  Card  A.5  and  is  identical  to  the  use  of 
NPRT(26)  described  above  for  the  multiple  secondary  output 
files.  At  the  end  of  the  run,  the  main  program  writes  an 
end-of-file  on  the  time  history  file,  rewinds  it,  and  then 
calls  Subroutine  POSTPR,  which  now  uses  the  time  history 
file  as  an  input  file  to  perform  the  required 
post-processing  operations.  Note  that  Subroutine  PObTPR  is 
not  called  for  NPRT(4)  =  4,  this  value  operates  essential Jy 
the  same  as  for  NPRT(4)  =  0  except  that  a  time  history  file 
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(logical  unit  no.  8)  is  generated  for  possible  use  by 
subsequent  ATB  runs. 

c.  NPRT(A)  =  -1,  -2,  or  -3:  The  time  history  file  that  was 
generated  during  a  previous  run  is  used  as  an  input  file  for 
the  post-processing  operations  (Subroutine  POSTPR)  of  the 
current  ATB  run.  In  this  case,  the  main  program  processes 
input  Cards  A. 1  to  A.5,  bypasses  the  other  input  routines 
(input  Cards  B.l  to  H.IO)  and  integration  process,  and 
transfers  to  the  end  of  the  main  program  to  call  Subroutine 
POSTPR  to  perform  the  post-processing  operations,  using  the 
time  history  file  (logical  unit  no.  8)  from  a  previous  run- 

d.  NPRT(A)  =  plus  or  minus  2  or  3 ;  The  tabular  time 
histories  will  be  produced  on  the  primary  output  file 
(logical  unit  no. 6)  by  Subroutines  POSTPR  and  HEDIMl  from 
the  time  history  input  file  (logical  unit  no.  8)  during  the 
post-processing  operations  performed  at  the  end  of  a  ATB 
run.  The  tabular  time  histories  produced  by  this  method 
will  be  identical  to  those  described  for  the  multiple 
secondary  output  files  above,  except  for  the  following 
conditions : 

(1)  The  output  will  be  produced  from  single  precision 
words  rather  than  from  double  precision  words  except 
on  those  computer  (CDC  or  Cyber)  systems  that  do  not 
require  double  precision  computations  for  the  ATB 
program.  This  means  that  any  exponential  formats  will 
print  with  an  E  rather  than  with  a  D  format. 
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(2)  The  individual  pages  will  be  ordered  by  time  and 

not  by  file  numbers,  i.e.,  the  page  number  sequence 
here  will  be  21.01.  22.01,  23.01.  21.02,  22.02. 

23.02,  ...;  21.03,  22.03,  23.03,  ...etc.,  rather  than 
the  sequence  21.01.  21.02,  21.03  ...;  22.01,  22.02, 
22.03,  ...;  23.01,  23.02,  23.03,  ...etc.  that  is 
produced  from  the  multiple  secondary  output  files. 

(3)  The  use  of  NPRT(26)  =  2  to  control  the  frequency 
of  the  printed  lines  will  not  be  operational  unless  it 
was  also  used  to  generate  the  time  history  file 
(logical  unit  no.  8). 

e.  NPRT(A)  =  plus  or  minus  1  or  3 :  Calcomp  plots  of  data 
from  the  tabular  time  histories  will  be  generated  during  the 
post-processing  operations  performed  by  Subroutine  POSTPR  at 
the  end  of  an  ATB  run.  These  are  discussed  in  more  detail 
in  the  following  section. 

6.7  CALCOMP  PLOT  OUTPUT  (Unit  10) 

One  of  the  post-processing  operations  available  in  the  ATB  program  is 
the  capability  to  generate  Calcomp  plots  from  the  data  contained  on  the 
time  history  file  (logical  unit  no.  8).  The  generation  of  these  plots 
is  controlled  by  supplying  an  odd  value  (plus  or  minus  1  or  3)  for 
NPRT(A)  on  input  card  A. 5;  a  positive  value  indicates  the  plots  will  be 
generated  during  the  same  run  that  computed  the  time  history  data,  while 
a  negative  value  indicates  the  plots  will  be  generated  from  the  time 
history  file  of  a  previous  run;  a  magnitude  of  one  indicates  that  only 
the  plots  will  be  generated  while  a  magnitude  of  three  indicates  that 
the  printed  tabular  time  histories  will  also  be  generated  on  the  primary 
output  file  (logical  unit  no.  6).  Although  Table  2  lists  logical  unit 
no.  10  as  the  Calcomp  plot  output  file,  the  actual  file  assignment,  the 
control  statements  required  in  the  ATB  program  job  control  stream  and 
the  procedures  for  the  actual  generation  of  the  Calcomp  plots  from  1 1  <• 
Calcomp  plot  output  file  are  a  function  of  the  host  computer  systm. 
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Tne  Calcom^'  plots  art  completely  general  in  nature,  with  the  general 
format,  page  and  plot  size,  and  the  variables  to  be  plotted  supplied  es 
[•rogram  input.  The  capability  is  available  to  plot,  as  a  function  of 
any  variable,  ary  other  variables  that  are  listed  in  the  tabular  time 
histories  from  the  data  stored  on  the  time  history  file  (logical  unit 
no.  8) .  The  complete  specifications  for  each  plot  are  supplied  on  input 
Cards  I.l  to  1.8,  following  input  Card  H. 11.  of  the  ATB  program  input 
file.  Seven  input  cards  are  required  for  each  plot  to  specify; 

1.  The  number  of  plots  to  be  generated. 

2.  The  number  of  dependent  (Y)  variables  to  be  plotted  against 
the  same  independent  (X)  variable  on  each  plot. 

3.  The  page  number  and  column  number  (from  the  printed  tabular 
time  histories)  for  each  of  the  dependent  (Y)  variables  and  the 
independent  (X)  variable  for  each  plot. 

A.  For  both  the  horizontal  (X)  and  vertical  (Y)  axes  of  each 
pi  oi : 


a.  the  number  of  intervals  or  decrements  along  the  axis, 

b.  an  indicator  to  specify  a  linear  or  logarithmic  axis. 

c.  the  values'  at  the  origin  and  end  of  the  axis, 

d.  the  length  of  the  axis  and  of  the  paper  or  page  size  in 

the  direction  of  the  axis,  and 

e.  the  number  of  characters  and  the  alphanumeric 
information  for  the  label  of  each  axis. 
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5.  The  number  of  characters  and  the  alphanumeric  infonnatiori  tor 
each  of  two  lines  of  a  plot  label  to  appear  below  the  X  axis 
label. 

For  a  complete  description  of  the  required  input  parameters  for 
the  Calcomp  plots,  the  user  should  refer  to  the  input  description 
for  input  Cards  I.l  to  1.8  contained  in  Section  4.0.  In  addition 
to  plotting  any  variables  from  the  tabular  time  histories  agaii'st 
time,  examples  of  other  types  of  plots  that  have  been  generated 
include  X-Z  plots  of  the  head  C.G.  positions  and  plots  of  force 
vs.  deflection  (or  strain)  that  depict  the  actual  loading  and 
unloading  characteristics  that  were  experienced.  Since  it  is 
possible  to  specify  the  size  and  scaling  for  each  axis,  plots  maj 
be  generated  for  comparison  with  available  experimental  data. 

The  frequency  of  the  data  points  for  plotting  is  controlled  by 
NPRT(30)  on  Card  A.5.  This  frequency  cannot  be  greater  than  the 
data  stored  in  output  Unit  8  as  specified  by  NPRT(26). 
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APPENDIX  A 


SLED  TEST  EXAMPLE. 


This  example  ATB  input  and  output  is  from  a  typical  sled  test 
simulation.  It  contains  a  15  segment  body  restrained  with  a  harness 
belt.  A  hyperellipsoid  is  used  to  represent  the  dash. 
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CARD  AlA 


2  SEPT  1068  0  0  0.0 

EXAMPLE  1:  BASIC  SLED  TEST  SIMULATION 

TWO  BELT  HARNESS  WITH  HTPERELLIPSOID  FOR  DASH  BOARD 


IN. 

LB. SEC. 

0.0 

0.0  366.068 

0.0 

CARD 

A3 

4 

40  0.002  0. 

0005 

0.001. 

0000625 

CARD 

A4 

1  040  2  0  0  0  0  0  0 

0  0  0 

0  0  0 

00000000000 

0  0  0 

0  0  0 

0  0 

ICARD 

A5 

15  14 

9STH  PERCENTILE  MALE 

CARD 

61 

LT 

134.7721.62801. 

01011. 

7954  5. 

168  7.436  3.778  0.000 

0.000- 

-0.072 

0 

CARD 

B2A 

CT 

213.0000.41600. 

23010. 

5857  4. 

809  6.673  4.145  0.000 

0.000- 

-0.011 

0 

CARD 

B2A 

UT 

353.6733.45252. 

78322. 

3509  5. 

220  6.906  7.314  0.000 

0.000- 

-0.872 

0 

CARD 

B2A 

N 

4  3.2800.02760. 

02780. 

0216  2. 

520  2.520  3.156  0.000 

0.000 

0.000 

0 

CARD 

B2A 

H 

511.0270.27080. 

30850. 

1584  3. 

984  3.125  5.836  0.000 

0.000 

0.000 

0 

CARD 

B2A 

RUL 

622.7252.01302. 

01300. 

2576  3. 

308  3.30812.652  0.000 

0.000 

0.000 

0 

CARD 

B2A 

RLL 

7  9.7630.49600. 

49890. 

0626  2. 

487  2.487  9.616  0.000 

0.000 

0.000 

0 

CARD 

B2A 

RF 

8  2.0790.04260. 

04120. 

0055  2. 

666  2.016  5.617  0.000 

0.000 

1.462 

0 

CARD 

B2A 

LUL 

922.7252.01302. 

01300. 

2576  3. 

308  3.30812.652  0.000 

0.000 

0.000 

0 

CARD 

B2A 

LLL 

A  9.7630.49690. 

49800. 

0626  2. 

467  2.467  9.616  0.000 

0.000 

0.000 

0 

CARD 

B2A 

LF 

B  2.0790.04260. 

04120. 

0055  2. 

866  2.016  5.617  0.000 

0.000 

1.462 

0 

CARD 

B2A 

RDA 

C  5.5420.17430. 

17430. 

0259  2. 

122  2.122  7.497  0.000 

0.000 

0.000 

0 

CARD 

B2A 

RLA 

D  5.9010.33310. 

33310. 

0214  1. 

671  1.67110.269  0.000 

0.000 

0.000 

0 

CARD 

B2A 

LOA 

E  5.5420.17430. 

17430.0259  2. 

122  2.122  7.497  0.000 

0.000 

0.000 

0 

CARD 

B2A 

LLA 

F  5.9010.33310. 

33310. 

0214  1. 

871  1.87110.269  0.000 

0.000 

0.000 

0 

CARD 

B2A 

P 

M  1  0  0.00 

0.00 

-3.85 

0.00  0.00  1.61 

CARO 

B3A 

0.00 

0.00 

0.00 

0.00  5.00  0.00 

W 

N  2  0  0.00 

0.00 

-1.64 

0.00  0.00  6.44 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00  5.00  0.00 

MP 

030  0.00 

0.00 

-8.19 

0.00  0.00  0.64 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00  10.00  0.00 

HP 

P  4  0  0.00 

0.00 

-0.64 

0.00  0.00  5.64 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00  10.00  0.00 

RH 

Q  1  0  0.00 

3.42 

-0.31 

0.00  0.00  -8.64 

CARO 

B3A 

0.00 

0.00 

0.00 

0.00-45.00  0.00 

RK 

R  6  1  0.00 

0.00 

10.00 

0.00  0.00  -6.97 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00  60.00  0.00 

RA 

S  7  0  0.00 

0.00 

8.12 

2.87  0.00  -2.66 

CARD 

B3A 

0.00 

90.00 

0.00 

0.00  10.00  0.00 

LH 

T  1  0  0.00 

-3.42 

-0.31 

0.00  0.00  -8.64 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00-45.00  0.00 

LK 

U  9  1  0.00 

0.00 

10.00 

0.00  0.00  -6.97 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00  60.00  0.00 

LA 

V  10  0  0.00 

0.00 

6.12 

2.87  0.00  -2.66 

CARO 

63A 

0.00 

90.00 

0.00 

0.00  10.00  0.00 

RS 

W  3  0  0.00 

6.24 

-5.22 

0.00  0.00  -5.37 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00  -4.10  0.00 

RE 

X  12  1  0.00 

0.00 

5.42 

0.00  0.00  -8.20 

CARO 

B3A 

0.00 

0.00 

0.00 

0.00-70.00  0.00 

LS 

Y  3  0  0.00 

-6.24 

-5.22 

0.00  0.00-5.37 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00  -4.10  0.00 

LE 

Z  14  1  0.00 

0.00 

5.42 

0.00  0.00  -8.20 

CARD 

B3A 

0.00 

0.00 

0.00 

0.00-70.00  0.00 
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.000 

10.00 

.00 

0.70 

20 

.000 

.000 

10.00 

.00 

0.70 

20 

.000 

.000 

5.00 

.00 

0.70 

25 

.000 

.000 

5.00 

.00 

0.70 

25 

.000 

.000 

10.00 

.00 

0.70 

70 

.000 

.000 

1.80 

.00 

0.70 

60 

.000 

.000 

7.00 

.00 

0.70 

35 

.000 

.000 

10.00 

.00 

0.70 

70 

.000 

.000 

1.80 

.00 

0.70 

60 

.000 

.000 

7.00 

.00 

0.70 

35 

.000 

.000 

10.00 

.00 
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0.000 

0.000 

0.000 

71 

A.A87 

-0.133 

3.73( 

(.(87 

•0.133 

3.T3( 

0.000 

0.000 

•0.877 

0.000 

0.000 

0.000 

77 

A.A7I 

3.319 

-1.667 

(.(71 

3.319 

•1.667 

0.000 

0.000 

•0.872 

0.000 

0.000 

0.000 

73 

0.879 

(.703 

-5.677 

0.879 

(.703 

•5.677 

0.000 

0.000 

•0.872 

0.000 

0.000 

0.000 

n 

0.300 

0.700 

-7.800 

0.320 

0.313 

-7.985 

0.000 

(.000 

•3.500 

0.000 

0.000 

0.000 

75 

-1.000 

(.300 

•6.000 

■0.055 

(.105 

-5.778 

0.000 

0.000 

•0.877 

0.000 

0.000 

0.000 

2S 

-2.500 

(.300 

-(.000 

•2.812 

(.(93 

(.179 

0.000 

0.000 

-0.872 

0.000 

0.000 

0.000 

77 

0.000 

5.000 

-35.700 

0.000 

5.900 

•35.700 

0.000 

0.000 

0.000 

0.700 

17.500 

■31  300 
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SUBIOVTIIII  IIITAL  IIPVT 


ZPLTdl  ZPLTdl  ZPLT(Z)  11  Jl  H 
0.  0.  0.  0  0  0 


PACE 

CARD  G.l 


IIITIAL  POStTIOIS  lllfEITIAL  SEFERERCE) 


CARDS  0.1 


SEGUE IT 

LIIEAB  POSITIOI  1 

II. 1 

LIIEAR  TELOCITT  (  ll./SEC.I 

10. 

SEG 

I 

I 

Z 

1 

I 

z 

1 

LT 

14.38100 

0.00009 

-13.75000 

0.00000 

0.00009 

0.00000 

3 

CT 

13.16068 

0.00000 

-19.07188 

0.00000 

0.00000 

0.00000 

3 

ITT 

11.31383 

0,00000 

-36.93796 

0.09000 

0.90000 

0.00000 

4 

1 

9.38353 

0.00000 

-35.53137 

0.00000 

0.00000 

0.00000 

5 

H 

7.77531 

0.00000 

-41.83338 

0.00000 

0.00000 

0.00000 

6 

RUL 

11.94073 

3.43000 

-14.48930 

0.00000 

0.00000 

0.00009 

7 

ILL 

38.16011 

3.43000 

-10.39045 

0.00000 

0.00000 

0.00000 

B 

RE 

48.13719 

3.43000 

-4.45598 

0.00000 

0.00000 

0.00900 

9 

LOL 

33.94073 

-3.43000 

-14.48930 

0.00000 

0.00000 

0.09000 

10 

ILL 

38.16031 

-3.43000 

-10.39045 

0.00000 

0.00000 

0.00000 

II 

LF 

48.11719 

-3.43000 

•4.45598 

0.00000 

0.00000 

0.90900 

13 

RUA 

13.34164 

8.34000 

-37.13188 

0.00000 

0.00000 

0.00000 

13 

ILA 

11.75808 

6.14000 

-31.48531 

0.00000 

0.00000 

0.00009 

14 

LUA 

13.34164 

-6.14000 

■17.13188 

0.00000 

0.00000 

0.00900 

IS 

LLA 

33.75808 

-6.34000 

■31.48531 

0.00000 

0.00000 

0.00090 

IIITIAL  AIGHLAI  BOTATIOI  AID  lELOCITT 

SEGIflT 

AIGULII  lOTATIOI  IDIO) 

ilGULAI  TELOCITT  IDE07SEC.) 

10. 

SEG 

III 

PITCB 

BOLL 

I 

I 

z 

1 

LT 

0.00000 

11.90000 

0.00000 

0.00009 

0.00000 

0.00000 

1 

CT 

0.00000 

13.95000 

0.00000 

0.00000 

0.00000 

0.09009 

3 

ITT 

0.00000 

13.38000 

0.00000 

0.00000 

0.00000 

0.00000 

4 

1 

0  00000 

13.46000 

0.00000 

0.00000 

0.00000 

0.90000 

5 

B 

0.00000 

13.46000 

0.00000 

0.00000 

0.00009 

0.90000 

6 

RUL 

0.00000 

91.90000 

0.00000 

0.00000 

0.00000 

0.00000 

7 

ILL 

0.00000 

48.65000 

0.00000 

0.00000 

0.00900 

0.00000 

1 

Rf 

0.00000 

138.80000 

0.00000 

0.00900 

0.00900 

0.00000 

9 

LUL 

0  00000 

93.00000 

0.00000 

0.00000 

0.00000 

0.00090 

10 

LLL 

0.00000 

48.65000 

0.00000 

0.00000 

0.00000 

0.00090 

II 

LF 

0.00000 

138.80000 

0.00000 

0.00000 

0.00000 

0.00009 

11 

RUA 

0.00000 

14.50000 

0.00000 

0.00000 

0.00000 

0.00000 

13 

RLA 

0.00000 

85.00000 

0.00000 

0.00000 

0.00000 

0.90909 

14 

LUA 

0.00000 

14.50000 

0.00000 

0.00000 

0,00000 

0.09000 

IS 

LLA 

0.00000 

85.00000 

0.00000 

0.00000 

0.00000 

0.00009 

I  in 
3  1 

3  1 


CARDS  0.3 


UIEAR  AID  AIGDIAI  VELOCITIES  RITE  BEEI  SET  EQUAL  TO  THE  IIITIAL  lERICLE  lELOCITIES. 

H8PLAT  THE  >  D.OOD  EEC.  IH.IB.IPTS  IT=  I  I  II  193 

ILIII>  I  1  3  4  5  $  8  9  ID  II  12 

BB  =  4.134  1.401  1.574  3.779'  -1.557  1,856  3.386  1.187  1.940  4.738 


HBPLAT  THE  >  0.000  EEC.  IH.IB.IPTS  IT=  I  1  7  181 

ILIII^  13  14  18  II  11  13  17 

88  =  4.748  7.394  6.643  6.406  5.433  10.839 
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TABtHll  TIIC  lISTOir  COHSOL  PlIASTfU 
TTPE  ISC  SELECTED  SECMEHS  01  JOIITS 
B.l  ]  }  S 

lEF  0  I  It 

1.1  }  3  S  5 

BEF  0  0  3 

1.3  3  3  S  S 

lEF  0  0  3 

B.O  3  3  3  3 

lEF  0  0  10 

B.3  3  333 

BEF  003 
B.O  3  3  3  3 

BEF  0  0  3 

B.7  1  3  t 

BEF  0  0 

B.B  0 

BEF 

B.O  I  4 

BEF  3 

B.IO  13  I  1  3  4  3  0  7  a  0  10  II  II  13  14  IS 

BEF  10 
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IUII3D  rmcTiois  roi  tiic=  o.ooo  nsec 


PtGE  20 


lltEITIILI  (LOCtL)  (LOCAL) 

IKOLAI  lOTATlOl  (DEO)  ilGOLlI  TELOCITI  (UD/SEC.)  ADGOLAI  iCCELEHATIOI  (IAD/SEC.<>2I 


SEGUE  irr 

TAI 

PITCH 

ROLL 

1 

T 

1 

I 

T 

1 

1 

IT 

0.0000 

12.0000 

0.0000 

0.00000 

0.90000 

0.00000 

0.000000 

•29.934940 

0.000000 

] 

CT 

0.0000 

12.0500 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

40.304245 

0.000000 

i 

OT 

0.0000 

13.2800 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

■0.950450 

0.000000 

4 

> 

0.0000 

13.4900 

0.0000 

0.00000 

9.00000 

0.00000 

0.000000 

13.937048 

0.000000 

5 

a 

0.0000 

13.4600 

0.0000 

0.00000 

9.00000 

0.00000 

0.000000 

-1.165343 

0.000000 

9 

DHL 

0.0000 

02.0000 

0.0000 

0.00000 

fl.eoooo 

0.00000 

0.000000 

-2.405249 

0.000000 

7 

ELL 

0.0000 

48.9500 

9.0000 

0.00000 

0.00000 

0.00000 

0.000000 

-12.215990 

0.000000 

1 

RE 

0.0000 

128.8000 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

59.319207 

0.000000 

9 

LUL 

0.0000 

02.0900 

0.0000 

0.00900 

0.00000 

0.00000 

0.000000 

-2.405249 

0.000900 

10 

LLL 

0.0000 

48.9500 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

-12.215690 

0.000000 

II 

LF 

0.0000 

129.9000 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

59.319207 

0.000000 

12 

lUI 

0.0000 

24.5000 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

-0.017504 

0.000000 

|] 

ILi 

0.0000 

95.0000 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

-34.722447 

0.000000 

H 

LUA 

0.0000 

24.5000 

0.0000  . 

0.00000 

0.00000 

0.00000 

0.000000 

-9.017504 

0.000000 

15 

LLA 

0.0090 

95.0000 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

-34.722447 

0.000000 

19  lEH 

0.0000 

0.0000 

0.0000 

0.00000 

0.00000 

0.00000 

0.000000 

0.000000 

0.000000 

(IHEITIAU 

(iniTiAi) 

IHEITIAU 

LIIEAI  POSITIOI  1 

II  I 

LIIEAI  TELOCITI  (  II  /SEC.) 

LinAI  ACCELERATIDIS 

lO’SI 

SEGKEIIT 

I 

T 

Z 

I 

r 

z 

I 

t 

Z 

1 

LT 

14.3910 

0.0000 

-13.7500 

0.00000 

0.00000 

0.00009 

0.017622 

0  000000 

-0.089444 

2 

CT 

13.1907 

0.0000 

•19.0710 

0.00000 

0.00000 

0.90000 

0.114893 

0.000000 

-0.II05I9 

3 

UT 

11.3139 

0.0000 

-29.0380 

0.00000 

0.00000 

0.00009 

•0.039031 

0.000000 

•0.075446 

4 

1 

0.2835 

9.0000 

•35.5314 

0.00000 

0.00000 

9.90009 

-9.041274 

9.000000 

•0.074372 

5 

H 

7.7752 

0.0000 

•41.9334 

0.00000 

9.00000 

9.90090 

•0.047117 

9.000000 

-0.073212 

9 

lUL 

22.9407 

3.4200 

•14.4803 

0.00909 

9.00000 

0.00009 

9.941549 

9.900000 

-0.039499 

7 

ILL 

38.1902 

3.4200 

-10.3904 

0.90900 

0.00000 

0.90000 

•0.100994 

9.090900 

0.III29I 

9 

IF 

48.1272 

3.4200 

-4.4560 

0.00000 

9.00000 

9.00909 

•9.117590 

0.009000 

-9.  II35I7 

0 

LUL 

22.0407 

-3.4200 

-14.4893 

0.00000 

9.00000 

0.90000 

9.941549 

9.000000 

-0  039491 

10 

LLL 

39.1902 

■3.4200 

-10.3004 

0.00909 

9.00000 

9.00000 

-0.100994 

0.000090 

0.198299 

II 

LF 

49.1272 

-3.4200 

-4.4560 

0.00090 

9.90000 

0.90000 

-0.117590 

9.000900 

-9.193517 

12 

lUA 

12.3419 

9.2400 

•27.1310 

9.00000 

9.00000 

9.00099 

•0.114274 

0.000009 

-0.031215 

13 

ILA 

22.7591 

9.2400 

-21.4952 

0.09000 

9.00900 

9.00000 

-9.299915 

9.000000 

0.730709 

14 

LDA 

12.3419 

-9.2400 

-27.1310 

0.00000 

9.00000 

0.00999 

-0.114274 

9.000000 

-0.038215 

15 

LLA 

22.7591 

-9.2400 

•21.4952 

0.00000 

9.00000 

0.90009 

•0.299915 

9.000000 

0.736709 

19  TEH 

0.0000 

0.0000 

0.0000 

0.00900 

9.00000 

0.90009 

0.900000 

0.000009 

0.000900 
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FiOl  ]1 


linniiLi  (locu) 

II  IIUT  (  II./SIC.ii])  II  llUT  lUS/SIC.iil) 

imuiL  Linii  icciuiiTion  iniuu.  uon^t  leciuuTion 
simn  111  111 


iimic  inMT 
I  LI.-  II.) 

IIIUI  UQOUl  TOTIL 


1 

LT 

-0.11100*03 

0.00000*00 

-0.11350*04 

0.000000*00 

-I.4I0I»*I1 

1.000000*00 

1 

CT 

0.00000*00 

0.00000*00 

1. 31110*03 

1.000000*00 

1.000000*00 

1.000000*00 

3 

n 

O.OItOOtOl 

0.00000*00 

1.31010*03 

0.000000*00 

-0.311011*01 

0.000000*00 

« 

1 

0.00000*00 

0.00000*00 

0.31010*03 

0.000000*00 

1.000000*00 

0.000000*00 

1 

1 

0.11110*01 

0.00000*00 

1.30100*03 

-0.133040-11 

•1.101111*00 

0.30ISI0-II 

1 

IDL 

-0. $3000*01 

0.00000*00 

-0.11000*03 

0.054030-11 

0.110110*01 

0.113130-14 

1 

lU 

0.00000*00 

0.00000*00 

0.30010*03 

0.000000*00 

0.000000*N 

0.000000*00 

1 

V 

-0.05110*01 

0.00000*00 

-0.51100*03 

0.000000*00 

•0.110110*03 

1.000000*00 

0 

im. 

-0.53000*01 

0.00000*00 

-0.11000*03 

0.054030-11 

0.110110*01 

0.II3130-I4 

10 

ILL 

0.00000*00 

1.00000*00 

0.30010*03 

0.000000*00 

0.000000*00 

0.000000*00 

II 

LI 

-0.05110*01 

0.00001*00 

-0.51100*03 

0.000000*00 

-0.110100*03 

0.000000*00 

11 

IM 

0.00000*00 

0.00000*00 

0.30010*03 

0.000000*00 

0.000000*00 

1.000000*00 

13 

ILI 

0.00000*00 

0.00000*00 

0.30010*03 

0.000000*00 

0.000000*01 

0.000000*00 

M 

LM 

0.00000*00 

0.00000*00 

0.30010*03 

0.000000*00 

0.000000*00 

0.000000*00 

IS 

ai 

0.00000*00 

0.00000*00 

0.30010*03 

0.000000*00 

0.000000*00 

0.000000*00 

I.OMSOliM 

I.OOIOOI'M 

I.MOOOliM 

I.MOOOO'IO 

I.IMWItM 

i.eooooMo 

I.MOOOItOI 

t.mtnm 

I.OOOND'OO 

I.OOOOODtOO 

I.IOMOliOO 

I.eOOMDiOl 

I.OMOODtOO 

».MO00»«OO 

TOTtL 

O.OOOMliOO 


I.IMOCD>00 

I.eOOOOliM 

I.OOOIOI'OO 

I.IOOOOD'OO 

e.lOOHDtOO 

I.OOMODtOO 

I.OMOW'IO 

i.omttitto 

O.OOOOOD'OD 

l.00»»0l»w 

I.IMOIKOI 

i.eoMoolOO 

O.IWMDtOO 

O.ftOOOODiOO 

e.ooooonoo 
lot!  iiinic 

I.OOOOOD'Oft 


0.»MMD«00 

I.OIMOD'OII 

O.MOOODIOO 

t.oooooono 

O.OOCOOIIM 

t.C9Om>90 

i.eooooBioe 

O.OOOOOD'OO 

O.OBOOOD'OO 

O.OOOOODtOO 

I.OOOOOI'OO 

I.IOOOOBIOO 

O.OOOOODiOO 

O.OOOODD«00 

I.OOOOODtOO 

11(101 

0.000000*00 


iinriai  (tniTiu.i 

join  roicu  (  u.i  join  toiqifu  i  ii.  li.)  mnin  tiooui 


join 

Ifll 

1 

1  1 

I 

1 

Z  TILOCITI  (UO/SIC 

1 

0 

0 

•0.1110*01 

0.0000*00  -0.1000*03 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

1 

• 

0 

•0.1010*01 

0.0000*00  -0.1500*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

3 

If 

0 

•0.3110*01 

1.0001*00  -0.1510*01 

0.10000*00 

0.00000*00 

1.00000*00 

0.000 

4 

If 

0 

-0.1010*01 

0.0000*00  -0.1110*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

5 

u 

0 

0.1140*01 

0.0000*00  0.1530*00 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

0 

II 

1 

•0.1310*01 

0.0000*00  -0.3500*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

1 

14 

0 

-0.3300*00 

0.0000*00  0.1410*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

1 

LI 

0 

0.1140*01 

0.0000*00  0.1530*00 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

0 

LI 

1 

•0.1310*01 

0.0000*00  -0.5500*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

10 

11 

0 

-0.3300*00 

0.0000*00  0.1410*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

11 

IS 

0 

-0.1110*01 

0.0000*00  -0.1310*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

11 

u 

1 

-0.1510*01 

0.0000*00  -0.1550*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

13 

LS 

0 

-0.1110*01 

0.0000*00  -0.1310*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 

14 

u 

1 

-0.1510*01 

0.0000*00  -0.1550*01 

0.00000*00 

0.00000*00 

0.00000*00 

0.000 
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uinst  HIT  iiEviTt  roi  Tin  •  o.too  etc. 


roiiT 

roin 

sionn  liKm 

HIT  STUII 

inni  LOSS 

(LOCIL  01  lUirSOIN 
UFIUKI  rOIR  1  II.) 

IIHRIILI 

HIT  roicts  (Ll.l 

to. 

IIDII 

■0.  1  ll.l 

1  II.  U.l 

1  T  2 

1  T  2 

HLT  n. 

1  OP  UUISS  10 .  1 

I 

1 

II  0.000 

0.000 

13.000 

1.000 

-10.300 

0.000 

0.000 

0.000 

1 

1 

1  4.114 

0.000 

-1.171 

7.075 

-0.711 

0.000 

0.000 

0.000 

3 

3 

1  1.401 

0.000 

■0.011 

1.705 

-1.534 

0.000 

0.000 

0.000 

1 

4 

1  1.574 

0.000 

O.IIO 

5.771 

•1.113 

0.000 

0.000 

0.000 

5 

5 

1  3.770 

0.000 

1.111 

1.355 

•3.101 

0.000 

1.000 

0.000 

0 

1 

1  1.557 

0.000 

1.057 

0.000 

3.050 

1.000 

0.000 

0.000 

: 

1 

1  1.151 

0.000 

I.TIS 

-1.315 

-3.343 

0.000 

0.000 

0.000 

1 

0 

1  3.311 

0.000 

0.011 

•5.145 

-1.711 

0.000 

0.000 

0.000 

0 

10 

1  I.II7 

0.000 

-O.IIO 

-5.710 

-1.111 

0.000 

0.000 

0.000 

10 

II 

1  1.040 

0.000 

-1.410 

-I.Otl 

-1.100 

0.000 

0.000 

0.000 

II 

11 

II  4.731 

0.000 

13.000 

•1.000 

•10.300 

0.000 

0.000 

0.000 

TOTIL  HIT  IHIOT  LOSS 

0.000 

HLT  10. 

]  Of  uinss  n.  i 

|] 

13 

II  0.000 

0.000 

13.000 

-1.000 

-10.300 

0.000 

0.000 

0.000 

IS 

14 

1  4.741 

0.000 

-1.445 

-I.IOI 

•1.113 

0.000 

0.000 

0.000 

M 

II 

1  7.304 

0.000 

l.lll 

-5.430 

•I.IIO 

0.000 

0.000 

0.000 

IS 

]| 

3  1.141 

0.000 

4. 417 

-0.133 

3.734 

0.000 

0.000 

0.000 

10 

11 

3  1.401 

0.000 

4.411 

3.310 

•I.Hl 

0.000 

0.000 

0.000 

17 

13 

3  5.413 

0.000 

0  111 

4.101 

-5.071 

0.000 

0.000 

0.000 

II 

17 

1  10.110 

0.000 

0.000 

5.000 

•35.100 

0.000 

0.000 
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RPTOU  ITII  •  10  IT  Tin  •  0.000  SIC.  OIUUl  •  O.OOIIO  SCIU  •  1.000000 


RIPLir  TIM 

ani- 

M  • 

VTOll  ITII 

HTTOU  ini 

iBfur  riia 
am- 
11  • 


gPTDU  ITti 
ffiPLIT  TIM 

aiii< 

IB  • 
Hnni  ITII 
HRPLIT  TIM 

aiii< 

18  • 
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nruT  TIM 
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M  • 

BPTUU  ITII 

IFTDU  ITII 
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irriiu  ITII 
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IB  • 

iniiii  mi 
moil  ITII 
irrou  ITII 

nfUT  TIM 
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H  ■ 


•  <1.000  MIC.  n.n.im  it>  i  i  i  ui 

i  14  II  II  11  11  1<  11 

4. TO  T.104  1.141  0.400  4.400  0.07S  II.MI 

II  IT  TIM  •  44.000  MIC.  DILUl  •  I.IOOl  SCIU  •  I.IOOOOO 
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1  II  II  11  1]  14  IT 
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I  1  4  5  I  I  I  II  II  II 
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I  1  4  5  I  I  I  10  11 
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II  to  II  11  14  17 

11.141  I.BIT  4.055  1.400  1.000  11.171 
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ipmi  im  •  10  IT  TIM  •  91.000  BIC.  oaiu  •  O.SISSOO  SCIU  •  0.150511 


EBTUT  TIM  •  50.000  BtC.  n.lt.ITTS  n>  I  1  I  111 

n.iii>  II  II  10  >0  II  11  u  n 

88  •  II. Ml  I. 811  I.II1  1.110  0.000  I.IIO  11.111 

BFTDll  im  >  10  IT  TIM  •  58.000  MIC.  DIUlU  •  0.001151  SCIU  •  0.115100 

EBTLiT  TIM  •  50.000  MIC.  TT.n.mS  H'  I  1  I  III 

all)'  II  19  II  10  10  II  11  10  11 

88  •  1.800  0.151  1.111  1.811  1.110  8.008  1.010  11.171 

mm  ITtt  •  I0JTTIM>  50.000  MIC.  tILlIU  •  0.051001  SCUI  •  1.000000 

Hirur  TIM  •  80.000  MIC.  n.n.FTS  n*  i  i  i  iii 

aii)>  11  18  10  10  II  11  10  11 

88  •  IMOl  1.001  I.II1  1.110  8.001  0.008  II. IIS 

BPTini  ITtl  •  10  IT  TIM  •  80.000  MIC.  DIUUI  •  0.051801  SCIU*  1.000000 

H8PLIT  TIM  •  81.000  MIC.  n.n. ms  r*  1  1  1  III 

HID*  11  18  10  II  11  10  11 

88  •  IMOl  1.10]  1.  110  1.008  0.158  11.008 

mini  ITtI  •  10  01  TIM  •  81.000  MIC.  Doaoi  •  0.819111  SCIU*  1.000000 

moil  (Til  •  10  IT  TIM  •  81.000  MIC.  ODJIU  •  0.011110  SCIU  *  1.000000 

mm  ITII  •  10  IT  TIM  *  81.000  MIC.  UUUl  *  8.0IS111  SCIU  *  1.000000 

RBPUT  TIM  *  81.000  MIC.  H.ll.im  H*  I  1  I  III 

am*  II  II  10  II  11  11 

88  •  II. Ml  1.101  1.110  0.108  18.151 

mou  ITII  •  10  IT  TIM  •  81.000  MIC.  OIUUl  *  0.811081  SCIU  *  1.000000 

nrui  TIM  *  88.000  MR.  n.n.irrs  r*  i  i  i  loi 

am*  I  1  4  9  8  I  I  II 

88  •  5.518  1.514  1.110  1.551  1.858  l.MI  T.I85 

mni  ITII  *  10  IT  TIM*  81.000  MIC.  DEUIU  *  I.0III51  RIU  *  1.000000 

moil  mi  *  10  IT  TIM  >  80.000  MIC.  KUIU  *  1.011494  KlU  *  1.000009 

oincon.  TtsT  ii.ooo  i  uma  11.55  o.mii-ii  i.moi-oi  0. 10001-01  o.ioooi-oi  o.ioooi-oi 

TIST  POILID  IT  TIM  *  0.011000  TOI  I  *  0.001000 

DIRCOn.  TIST  71.000  I  IN  TR  11.19  ■  0.1814M1  1.15111-01  O.IOOOI-OI  O.IOOOI-OI  O.IOOOI-OI 

TIST  Plllll)  IT  TIM  •  0.071000  TOI  I  •  0.901000 

DIR  con.  TIST  14.000  I  IN  TR  10.11  O.IOIOI-OI  1.11841-01  O.IOOOI-OI  O.IOOOI-OI  O.IOOOI-OI 

TIST  THUD  IT  TIM  •  0.914000  TOI  I  >  0.001900 
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37.23 

03.11 

24.010 

3.4N 

•11.955 

21. MO 

0.403 

IM.SO 

104.11 

114.17 

14.011 

-0.001 

-10.500 

0.157 

N.45 

33.11 

74.20 

24.140 

3.4M 

-11.550 

20.  MO 

0.404 

IN. 45 

N.71 

111.00 

14.041 

-O.MI 

-10.510 

0.157 

M.ll 

10.31 

05.51 

14.001 

3.420 

•11.503 

20.000 

0.405 

107.10 

103.04 

131.41 

15.001 

O.ON 

-10.533 

O.ISI 

40.N 

14.05 

55.70 

14.041 

3.410 

-II.SSO 

SO.  MO 

0.4M 

120.27 

114.13 

155.21 

15.241 

O.MI 

-10.550 

0.155 

45.45 

11.74 

50.15 

15.  Ml 

3.420 

-11.574 

S2.0N 

0.400 

170.53 

130.70 

311.51 

15.414 

O.ON 

-10.500 

0.153 

53.74 

10.07 

10.00 

IS.NO 

3.411 

•II.NI 

SO.NO 

fl.4T2 

150.N 

170.34 

300.70 

15.030 

O.OII 

-10.501 

0.251 

53.57 

lO.N 

00.35 

15.IN 

3.411 

•11.500 

30.000 

0.4TI 

441.01 

114.31 

501.57 

15.050 

0.030 

-10.015 

0.140 

30.40 

10.10 

41.03 

15.107 

3.411 

•II. 5N 

30.0N 

0.405 

500.71 

200.30 

010.  N 

10.111 

O.OR 

-10.041 

0.144 

37.53 

11.01 

41.20 

15.171 

3.411 

•11.103 

40.  MO 

0.400 

034.17 

317.14 

700.14 

10.315 

0.140 

-10.070 

0.230 

05.17 

31.50 

71.07 

15.314 

3.414 

-II.NI 

42.000 

0.510 

M4.M 

331.40 

743.44 

10.079 

0.137 

-10.701 

0.234 

00.40 

44.70 

N.N 

15.314 

3.410 

•ll.lll 

44. MO 

0.52T 

703.41 

351.70 

710.43 

II.N9 

0.340 

-10.733 

0.230 

110.30 

50.00 

133.47 

15.301 

3.434 

•11.115 

40.  MO 

0.551 

750.41 

370.11 

045.71 

17.103 

O.ON 

-10.705 

0.227 

157.01 

71.01 

170.13 

15.401 

3.441 

•ll.lll 

40.000 

0.505 

111.01 

414.31 

010.43 

17.501 

0.N7 

-10.707 

0.115 

101.14 

100.57 

214. N 

15.304 

3.451 

-11.015 

SO.  MO 

0.134 

011.01 

411.45 

1031.14 

17.007 

0.030 

-10.020 

0.115 

130.71 

115.35 

257.04 

15.3H 

3.414 

•11.013 

S2.0M 

0.T05 

1043.00 

511.54 

1100.10 

11.101 

0  030 

-10.050 

0.219 

IN.7I 

IIO.N 

15I.N 

15.321 

3.410 

•II.NI 

S4.M0 

O.IN 

ION. 41 

545.11 

1110.13 

10.105 

0.510 

-10.000 

0.117 

175.31 

137.05 

307. N 

15.207 

3.407 

-11.101 

50. OM 

0.142 

1005.51 

541.75 

1113.04 

11.410 

0.3N 

-IO.M3 

0.137 

107.30 

I43.H 

311.11 

25.140 

3.514 

•11.500 

SO.OM 

I.II3 

1155.01 

017.50 

1403.14 

10.403 

0.104 

-lO.ON 

0.103 

310.10 

150.55 

351.77 

14.017 

3.521 

-11.507 

00. MO 

1.313 

1450.74 

715.37 

1011.00 

10.407 

0.037 

-lO.ON 

0.311 

300.55 

104.70 

413.17 

14.510 

3.521 

-11.531 

02. MO 

I.5T0 

1017.33 

013.07 

1043.02 

11.401 

-0.131 

-10.000 

0.373 

440.10 

IIO.N 

401.11 

14.111 

3.511 

-11.403 

04.  NO 

I.IIS 

2103.30 

1140.00 

1504.07 

10.450 

•0.137 

-10.007 

0.443 

571.50 

115.70 

130.04 

23.150 

3.407 

-11.453 

OO.OM 

1.041 

1713.01 

1301.51 

3044.43 

10.430 

-0.107 

-lO.tU 

0.911 

745.N 

371.03 

033.10 

23.5N 

3.4N 

-11.411 

00.  ON 

2.117 

3434.00 

1717.05 

3030.43 

11.410 

-O.IN 

-IO.M3 

O.N9 

IN.  30 

447.00 

INI. 07 

23.  IN 

3.435 

•II.NI 

7I.N0 

l.SII 

3001.07 

I9N.03 

4359.12 

10.370 

•O.IN 

-10.071 

0.504 

304. n 

152.40 

340.07 

23.041 

3.410 

-II.NI 

TI.OOO 

1.350 

2N0.04 

1404.92 

3310.40 

10. 3N 

-0.277 

-10.071 

0.505 

2R.0I 

130.00 

311.11 

21.050 

3.4M 

■II. 3N 

T4.000 

2.342 

1047.01 

1473.00 

3105.51 

11.111 

-0.171 

-10.002 

0.515 

113.54 

IN.Ol 

130.00 

12.045 

3.4N 

-11.350 

TO. 000 

2.202 

1051.20 

210.71 

2050.04 

11.115 

-0.274 

■10.053 

0.430 

101.30 

54.10 

111. II 

13.013 

3.3R 

■II. 3M 

TI.OOO 

I.IIO 

1000.10 

110.57 

1090.15 

10.030 

-0.101 

■10.043 

0.320 

45.50 

21.70 

50.03 

13.111 

3.300  ' 

■II.NI 

SO.OM 

2.030 

2101.74 

235.31 

2471.00 

17.054 

-0.331 

■10.035 

O.IOI 

I5.H 

0.33 

20.01 

13.144 

3.MI 

■II. 3N 
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nm  I  tsuT.  I  Mom  on  n  n.  siomr  t  ( uu  fuil  i  iiici  nm.  u  dioii  rs.  skmit  i  i  it  ) 
Dtn-  niuL  nicTioi  usiLTUT  corner  locHioi  ( il.t  otri-  kuul  fiictioi  usbitir  contcr  ixtrici  (  ii  i 


TIM 

ICTIOI 

roKi 

roici 

roKi 

(ra  ifriifKii 

ICTIOI 

FOiCt 

FOICI 

FOKI 

1711 

UFmici) 

IMEC) 

1  11.1 

(  U.l 

(  Ll.l 

(  u.l 

I  T  Z 

4  11.) 

1  U.l 

1  u.l 

(  u.l 

I 

T 

z 

e.ooo 

0.1S0 

10.04 

0.00 

10.04 

14.715  -3.410  -11.545 

0.055 

1.77 

0.00 

1.77 

1.311 

0.000 

-11.574 

l.OOO 

O.ISO 

31.13 

S.OO 

31.01 

14.71$  -3.410  -11.54$ 

0.055 

1.70 

0.40 

1.70 

0.313 

0.000 

-11.074 

4.000 

O.ISO 

30.71 

I3.4i 

30.11 

14.711  -3.410  -11.545 

0.054 

Ml 

0.07 

1.15 

0.311 

0.000 

-11.075 

0.000 

O.ISO 

44.14 

11.11 

40.40 

14.717  -3.410  -11.545 

0.050 

1.51 

1.15 

1.10 

0.311 

0.000 

-13.070 

1.000 

O.ISI 

51.74 

15.17 

37.14 

14.710  -3.410  -11.541 

0.044 

Ml 

1.00 

1.44 

0.312 

0.000 

-11.077 

10.000 

0.1SI 

SI. 41 

10.11 

05.30 

14.731  -3.410  -11.541 

0.033 

1.15 

0.13 

1.15 

0.311 

0.000 

-13.000 

ir.ooo 

O.lSl 

03.01 

31.05 

71.45 

14.737  -3.410  -11.541 

0.017 

O.ll 

0.43 

0.00 

0.310 

0.000 

-13.014 

14.000 

0.1S3 

01. 4S 

34.13 

70.53 

14.744  -3.410  -11.547 

-0.001 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

10.000 

0.1S4 

71.11 

30.10 

10.73 

14.755  -3.410  -11.541 

-0.030 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

11.000 

O.ISS 

7S.I0 

37.00 

14.07 

14.770  -3.410  -11.550 

-0.077 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

00.000 

O.ISO 

71.31 

31.10 

15.31 

14.700  -3.410  -11.551 

-O.lll 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

11.000 

S.1S7 

74.03 

37.31 

13.43 

14.115  -3.410  -II.SSS 

-0.101 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

14.000 

0.1S7 

15.11 

31.50 

71.17 

14.140  -3.410  -11.551 

-0.100 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

10.000 

0.157 

50.40 

11.10 

03.00 

14.101  -3.410  -11.503 

-0.301 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

11.000 

O.lSl 

47.  SO 

13.70 

53.10 

14.043  -3.430  -li.SOI 

-0.471 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

10.000 

0.1S4 

34.01 

17.34 

31.71 

15.005  -3.410  -11.575 

-0.001 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

31.000 

O.lSl 

30.41 

15.11 

34.01 

15.070  -3.411  -11.511 

-0.740 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

34.000 

0.141 

10.01 

14.13 

33.10 

IS.III  -3.410-11.501 

-O.OII 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

jO.OOO 

0.141 

11.14 

14.07 

31.40 

15.110  -3.410  -11.104 

-I.IOI 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

31.000 

0.117 

13.44 

11.71 

11.44 

15.410  -3.411  -11.010 

-1.317 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

40.000 

0.100 

11.30 

10.05 

13.11 

15.11$  -3.415  -11.030 

-I.S4I 

0.00 

0.00 

0.00 

1.000 

0.000 

0.000 

41.000 

0.170 

10.10 

1.45 

11.10 

15.150  -3.411  -11.003 

-1.704 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

44.000 

0.147 

11.03 

0.01 

13.45 

10.130  -3.405  -11.003 

-1.050 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

41.000 

O.lll 

0.17 

3.43 

7.01 

10.435  -3.300  -11.715 

-1.311 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

41.000 

0.010 

3.00 

1. 00 

4.40 

10.700  -3.310  -11.750 

-1.001 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

SO. 000 

O.OSO 

1.71 

1.30 

3. II 

17.001  -3.371  -11.71$ 

-i.m 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

SI. 000 

O.OSI 

31.03 

10.40 

05  11 

17.010  -3.355  -11. 710 

-3.104 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

S4.000 

0.071 

14.01 

41.04 

04.01 

30.041  -3.335  -11.747 

-3.311 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

SO. 000 

0.137 

131. 11 

00.00 

154.41 

10.015  -3.313  -11.011 

-3.470 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

SI.OOO 

0.111 

105.00 

11.10 

115.14 

15.311  -3.101  -11.007 

-3.000 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

00.000 

0.353 

141. II 

74.00 

105.00 

14.005  -3.110  -11.533 

-3.105 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

01.000 

O.Sll 

357.14 

171.57 

300.30 

13.010  -3.310  -11.401 

-3.717 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

14.000 

0.014 

011.47 

343.14 

707.50 

13.441  -3.100  -11.411 

-3.704 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

00.000 

0.110 

1141.33 

113.10 

1303.44 

13.135  -3.301  -11.310 

-3.III 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

11.000 

O.IOS 

1000.17 

140.04 

1000.51 

13.004  -3.313  -11.304 

-3.031 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

70.000 

0.014 

751.5$ 

370.17 

•41.01 

11.031  -3.311  -11.357 

-3.037 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

71.000 

O.Sll 

710.40 

355.13 

704.3! 

13.030  -3.310  -11.351 

-3.031 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

T4.000 

0.114 

011.01 

305.00 

014.11- 

11.001  .-3.333  -11.303 

-3.031 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

70.000 

0.713 

477.10 

131.03 

334.10 

13.000  -3.334  -11.374 

-3.011 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

71.000 

O.SOI 

314.11 

157. 11 

351.30 

13.100  -3.333  -11.301 

-3.703 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

10.000 

0.450 

110.50 

03.11 

141.50 

33.510  -3.333  -11.410 

-3.711 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 
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1  SIFT  1081 

lUVLl  I:  lUIC  SLID  TIST  tlMUTtOI 

no  lar  luiiss  nn  nroiLLirsoii  roi  oisi  mud 

noiCU  DICtLIUTIOI:  SLU  ICCIUUTlOf  •  109  FUI 
CliS8  fiaiV:  DSTI  nKOTIU  MlLl 

corner  FOKis  -  siomr  fuiu  n.  stamrs 


FuiL  1  (iKi  FinL.  13  Dtoii  IS.  stocn  1  ( CT I  FUH  1  (Dici  Fim.  13  Dioi)  IS.  sioicn  3  (  or ) 
DIFl-  lOllUL  FIICTIOI  USOLTUT  COntCT  LOCITIOI  (  Il.l  DEFL-  MBUL  FIICTIOI  USOLTUT  COHICT  LOCITIOI  (  II.) 


Tin 

ICTIOI 

FOICl 

roKt 

roici 

ini 

uruiKi) 

ICTIOI 

FOICl 

FOKI 

FOKI 

(TU 

UFiUKII 

IMSICI 

(  II.  1 

1  LD.) 

(  U.l 

(  u.l 

I 

T 

z 

( II.) 

(  U.) 

(  U.) 

(  u.l 

I 

T 

z 

0.000 

-0.311 

0.00 

0.00 

0.00 

0.000 

0.000 

8.000 

0.133 

8.00 

0.00 

8.00 

8.191 

0.000 

•18.883 

1.000 

-0.311 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.131 

8.17 

0.08 

0.17 

I.I3I 

0.000 

-11.803 

4.000 

■0.314 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.131 

I.OI 

0.73 

1.84 

8.131 

0.000 

•18.003 

0.000 

-0.310 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.110 

1.80 

1.74 

0.07 

8.131 

0.000 

-10.804 

8.000 

-0.330 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.117 

7.31 

1.53 

7.04 

8.111 

0.000 

-10.881 

10.000 

-0.347 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.101 

3.13 

1.41 

3.77 

1.131 

0.000 

-10.881 

11.000 

-0.371 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.070 

3.83 

1.08 

4.41 

1.133 

0.000 

-10.058 

14.000 

-0.408 

0.00 

0.00 

0.00 

9.000 

0.000 

8.000 

0.048 

1.31 

t.to 

1.18 

1.134 

0.000 

-11.834 

18.000 

-0.431 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.900 

0.30 

0.13 

0.33 

0.133 

0.009 

-10.841 

18.000 

-0.510 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

•0.041 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

10.000 

-0.313 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

•0.114 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

11.000 

-0.171 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-O.IIO 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

14.000 

-0.778 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-0.194 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

18.000 

-O.MI 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-0.400 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

18.000 

-1.045 

0.00 

o.oc 

0.00 

0.000 

0.000 

0.009 

-0.341 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

30.000 

-l.lll 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-9.801 

0.00 

0.00 

0.09 

0.000 

0.000 

0.000 

31.000 

-1.400 

0.00 

0.00 

0.00 

0.000 

8.808 

0.800 

-0.071 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

34.000 

•1.811 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-1.007 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

30.000 

•1.140 

0.00 

0.00 

0.00 

0.000 

0.000 

0.009 

-l.lll 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

31.000 

-I.IIO 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

•1.913 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

40.000 

•1.397 

0.00 

0.00 

0.00 

9.900 

0.000 

0.000 

•1.703 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

41.000 

-1.707 

0.00 

0.00 

0.00 

0.900 

0.000 

0.000 

•1.004 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

44.000 

-3.034 

0.00 

0.00 

0.09 

0.009 

0.900 

0.000 

•1.381 

0.00 

0.00 

0.00 

0.000 

0.900 

0.000 

40.000 

-3.370 

0.00 

0.00 

0.00 

0.000 

9.000 

0.000 

•1.901 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

48.000 

•3.701 

0.00 

0.00 

0.09 

9.000 

0.000 

0.000 

•1.000 

0.09 

0.00 

0.00 

0.000 

0.000 

0.000 

30.000 

-4.011 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

•3.130 

0.09 

0.00 

0.00 

0.000 

0.000 

0.000 

31.000 

-4.178 

0.00 

0.00 

9.09 

0.900 

0.000 

0.000 

-3.473 

0.00 

0.00 

0.00 

0.009 

0.000 

0.000 

34.000 

-4.477 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-3.051 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

38.000 

-4.108 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-3.737 

0.00 

0.09 

0.00 

0.000 

0.000 

0.000 

38.000 

-4.081 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-1.707 

0.00 

0.00 

0.00 

0.090 

0.000 

0.000 

00.000 

-4.311 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

•1.810 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

01.000 

-4.371 

0.00 

0.00 

0.00 

0.900 

0.000 

0.000 

-1.478 

0.00 

0.C9 

0.09 

0.000 

0.000 

0.000 

04.000 

-4.149 

0.00 

0.00 

0.09 

0.099 

0.000 

0.000 

•1.113 

0.00 

0.00 

0.00 

0.009 

0.000 

0.000 

00.000 

-3.013 

0.00 

0.90 

0.00 

0.000 

0.000. 

0.090 

-1.003 

0.00 

0.00 

0.00 

0.000 

0.900 

0.000 

08.000 

-3.889 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-1.710 

0.09 

0.00 

0.00 

0.000 

0.000 

0.000 

70.000 

-3.478 

0.00 

0.00 

0.00 

0.900 

0.000 

0.000 

•1.409 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

71.000 

-3.181 

0.00 

0.00 

0.00 

9.000 

0.000 

0.900 

-1.303 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

74.000 

-3.001 

0.00 

0.00 

0.00- 

.0.000  . 

0.000 

0.000 

•1.117 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

70.000 

-1.011 

0.00 

0.00 

0.90 

0.000  ' 

0.000 

0.009 

•1.080 

0.00 

0.00 

0.00 

0.090 

0.000 

0.000 

71.000 

-1.744 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-1.701 

0.00 

0.00 

0.90 

0.000 

0.090 

0.000 

80.000 

-1.381 

0.00 

0.00 

0.90 

0.000 

0.990 

9.090 

•l.OII 

0.00 

0.08 

0.00 

0.000 

0.000 

0.000 

209 


rial  31 


DITI:  I  Sirr  I«S8 

101  Disciimoi;  lUVlJ  I:  BISIO  SU9  TIST  StNOUrfOl 

m  itLT  Hiinss  nn  nriuuirsoit  m  oisi  loiio  not:  as.oi 

nilCU  DICIUUTIOI;  SLID  ICCIUUTIOI  -  300  riU 

cuss  iiniii:  osTi  rucnriu  mu 

COniCT  FOICU  -  SIQIUT  MIIU  TS.  nOUTS 


rim  ]  (rLooi.  i  ts.  siown  i  (  v  )  rim  s  inooi.  )  ts.  staicn  lu  u  ) 

Din-  KUUL  riicTtoi  usoLTin  coma  Loctmi  I  ti.)  difl-  ioiiul  riiaioi  usditut  coma  locitioi  (  h  i 


Tim 

taioo 

roici 

roKi 

FOICI 

ino 

iinuicii 

tatoi 

FOICI 

FOICI 

roict 

irtB 

uriuici) 

leic) 

( II.) 

1  U.l 

(  U.) 

(  Ll  .l 

1 

r 

z 

1 11.) 

(  U.) 

1  U.) 

1  U.) 

1 

I 

z 

0.000 

0.090 

1.81 

0.00 

1.01 

10.500 

3.119 

-1.300 

0.000 

l.ll 

0.00 

l.ll 

10.590 

-3.110 

-1.300 

1.000 

0.097 

1.08 

0.97 

1.91 

10.508 

3.110 

-1.300 

0.097 

l.ll 

0.07 

4.91 

19.599 

-3.120 

-1.300 

1.000 

0.097 

1.97 

l.ll 

5.10 

49.507 

3.110 

-1.300 

0.007 

4.98 

l.ll 

5.10 

10.597 

-3.110 

-1.300 

0.009 

0.097 

5.05 

1.51 

5.01 

19.001 

3.110 

-1.300 

0.007 

5.05 

1.51 

5.11 

40.001 

-3.110 

-1.300 

0.000 

0.090 

5.01 

1.51 

5.01 

10.009 

3.110 

-1.300 

0.090 

5.03 

1.5! 

5.01 

48.000 

-3.110 

-1.300 

10.000 

0.091 

1.90 

1.15 

5.10 

10.010 

3.110 

-1.390 

0.090 

4.01 

1.10 

5.18 

40.010 

-3.410 

-1.300 

11.000 

0.090 

1.90 

1.11 

5.19 

19.030 

3.410 

-1.300 

0.090 

4.08 

1.14 

5.10 

10.031 

-3.110 

-1.300 

11.000 

0.007 

1.03 

Ml 

5.11 

10.991 

3.410 

-1.300 

0.097 

4.14 

1.11 

5.41 

19.091 

-3.410 

-1.300 

10.000 

0.095 

1.75 

1.37 

5.31 

10.003 

3.410 

-1.300 

0.095 

1.70 

1.30 

5.31 

10.091 

-3.110 

-1.300 

10.000 

0.091 

1.01 

1.31 

5.10 

10.731 

3.410 

-1.300 

0.093 

4.03 

1.31 

5.17 

10.731 

-3.120 

-1.300 

10.000 

0.000 

1.11 

l.ll 

1.91 

10.701 

3.410 

•1.300 

0.009 

4.41 

1.12 

4.97 

40.781 

-3.120 

-1.300 

11.000 

0.083 

1.17 

1.00 

1.99 

19.011 

3.410 

-1.300 

0.011 

4.11 

1.10 

1.09 

10.815 

-3.110 

'1.300 

11.000 

0.077 

3.05 

1.91 

1.30 

11.115 

3.410 

•1.300 

0.070 

3.01 

1.91 

1.31 

10.910 

-3.110 

-1.300 

10.000 

0.009 

3.19 

1.73 

3.00 

10.990 

3.410 

•1.300 

0.070 

3.50 

1.75 

3.91 

10.099 

•1.110 

•1.300 

10.000 

0.060 

1.09 

1.50 

3.35 

17.091 

3.410 

•1.300 

0.001 

3.05 

1.51 

3.41 

47.083 

-3.420 

-1.300 

30.000 

0.019 

1.19 

1.13 

1.75 

17.100 

3.420 

•1.300 

0.051 

1.54 

1.17 

1.83 

17.101 

•3.110 

•1.300 

31.000 

0.037 

1.85 

0.93 

1.07 

11.310 

3.419 

•1.300 

0.010 

1.90 

0.90 

l.ll 

47.311 

•3.110 

•1.300 

31.000 

0.011 

l.ll 

0.50 

1.10 

17.110 

3.110 

•1.300 

0.017 

1.30 

Oil 

1.51 

47.150 

-3.110 

•1.300 

30.000 

0.001 

0.10 

0.10 

0.11 

17.503 

3.110 

-1.300 

0.013 

0.05 

0.31 

0.73 

47.587 

•3.420 

•1.300 

30.000 

-0.011 

9.00 

0  00 

0.00 

0.000 

0.000 

0.009 

-0.001 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

10.000 

-0.051 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-0.011 

0.00 

0.00 

0.09 

9.000 

0.000 

0.900 

11.000 

-0.091 

0.00 

0.90 

0.00 

0.909 

0.000 

0.000 

-0.017 

0.00 

0.00 

0.00 

0.900 

0.000 

0.000 

11.000 

-0.110 

0.00 

0.90 

0.00 

0.000 

0.000 

0.000 

-0.071 

0.00 

0.00 

0.09 

0.000 

0.000 

0.000 

10.009 

-0.109 

9.00 

0.00 

0.00 

0.000 

0.900 

0.009 

-O.IOI 

0.00 

0.00 

0.00 

0.000 

0.800 

0.000 

10.000 

-0.191 

0.00 

0.09 

0.00 

0.900 

0.000 

0.000 

-0.137 

0.00 

0.00 

0.90 

0.000 

0.000 

0.000 

00.090 

-0.310 

0.00 

0.00 

0.00 

0.000 

0.000 

0.090 

-0.113 

0.00 

0.09 

0.00 

0.000 

0.090 

0.000 

51.000 

-0.110 

0.00 

0.09 

0.00 

0.009 

0.000 

0.000 

-0.115 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

51.000 

-0.913 

0.00 

0.09 

0.00 

0.000 

9.000 

0.000 

-0.330 

0.00 

0.09 

0.00 

9.000 

0.000 

0.000 

50.000 

-0.091 

0.00 

0.00 

0.00 

0.090 

0.000 

0.000 

-0.431 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

50.009 

-0.790 

9.00 

0.00 

0.00 

0.009 

0.000 

0.000 

-0.551 

0.09 

0.00 

0.00 

0.000 

0.000 

0.000 

00.000 

-0.090 

0.00 

0.00 

0.00 

0.000 

0.000 

0.009 

•0.000 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

01.000 

-1.115 

9.00 

0.00 

0.90 

0.009 

0.000 

0.000 

-0.030 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

01.000 

-1.351 

0.00 

0.00 

9.00 

0.000 

0.900 

9.000 

-0.074 

0.00 

0.00 

O.DO 

0.000 

0.000 

0.000 

00.009 

-1.570 

0.00 

0.00 

0.00 

0.000 

0.090 

0.000 

-1.111 

0.00 

0.00 

0.00 

0.000 

0.000 

9.000 

00.000 

-1.017 

9.00 

0.00 

0.90 

9.090 

0.009 

0.000 

-1.177 

0.09 

0.00 

0.00 

0.000 

0.000 

0.000 

70.000 

-1.071 

0.00 

0.00 

9.00 

0.000 

0.909 

0.000 

-1.110 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

71.000 

-1.335 

0.00 

0.90 

0.00 

0.000 

0.000 

0.090 

-1.025 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

71.000 

-1.009 

0.00 

0.00 

0.09  ' 

0.000 

0.000 

0.000 

-1.011 

0.00 

0.00 

0.09 

0.000 

0.000 

0.000 

79.000 

-1.083 

0.00 

0.90 

0.00 

0.000 

0.090 

0.090 

-1.005 

0.00 

0.90 

0.00 

0.000 

0.000 

0.000 

70.000 

-3.160 

9.00 

0.00 

0.00 

0.000 

0.009 

0.009 

-1.199 

0.00 

0.09 

0.00 

0.000 

0.000 

0.090 

80.009 

-3.131 

0.00 

0.00 

0.00 

0.000 

0.000 

9.000 

•1.387 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

210 


sm.’ 

lOI  occitnioi: 


MCI  S» 


1  Sin  iMi 

turns  I;  lUIC  tLU  TDT  lIMIUriOl 

Tw  iiir  iiiuss  nn  nniiuirsoii  roi  disi  miu  moi:  si.oi 

nCICLI  DICtUUTtOI:  SLIl  ICCIUUTIOI  -  100  NU 
CUSI  fIClIM:  isn  riKIlTILI  Uli 

coiTicT  roKu  •  si(UDT  ruDi  n.  siocm 


rua  <  (RIO  MS.  n  siot  )  n.  sioir  s  1 1  )  mid.  io  (mmii  mdus.  i  is.  siorr  i  i  v  i 
Dtri-  KuuL  nicTioi  usoiTUT  center  uictrioi  ( ii.i  nn-  nuuL  nicnoi  usiltut  comer  locirioi  ( ii.i 


rm 

icriol 

roici 

roKi 

roKi 

(in 

uruiKii 

icrtoi 

lOOCI 

rood 

FOICI 

(fU 

UFIUKII 

(KCCI 

(  lO.I 

(  Ll.l 

(  Ll.l 

(  U.l 

1 

r 

z 

4  11.) 

(  U.) 

1  Ll.l 

(  Ll.l 

1 

r  z 

0.000 

0.000 

1.40 

0.00 

1.41 

3.035 

0.000 

-40.070 

0.001 

0.00 

0.00 

0.00 

51.130 

3.410  -3.100 

1.000 

0.040 

1.47 

0.01 

1.47 

3.031 

0.000 

-40.070 

0.001 

0.07 

0.01 

0.07 

51.130 

3.410  -1.110 

4.000 

0.040 

1.30 

0.10 

1.30 

3.031 

0.000 

-40.070 

0.001 

O.ll 

0.04 

0.11 

51.130 

3.410  -3.105 

0.000 

0.043 

1.15 

0.41 

Ml 

3.030 

0.000 

-40.077 

0.005 

0.10 

0.14 

0.31 

51.140 

3.410  -3.107 

0.000 

0.034 

1.70 

0.51 

1.70 

3.030 

0.000 

-40.070 

0.010 

0.75 

0.37 

0.03 

51.145 

3.410  -3.101 

10.000 

0.010 

0.05 

0.41 

1.03 

3.030 

1.000 

-40.074 

0.0)0 

1.50 

0.00 

1.70 

51.154 

3.410  -3.100 

11.000 

-0.003 

0.00 

0.00 

0.00 

0.000 

1.000 

0.000 

0.03) 

1.00 

1.33 

1.00 

51.100 

3.410  -3.300 

14.000 

-0.034 

0.00 

0.00 

0.00 

1.000 

0.000 

0.000 

0.040 

4.00 

1.05 

4.50 

51.104 

3.410  -3.313 

10.000 

-0.075 

0.00 

0.00 

0.00 

0.000 

0.000 

1.000 

0.070 

0.01 

1.00 

0.01 

51.300 

3.411  -3.341 

11.000 

•0.110 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.000 

0.17 

4.00 

0.13 

51.334 

3.410  -3.305 

10.000 

-0.104 

0  00 

0.00 

1.00 

0.000 

0.000 

0.000 

O.ilO 

13.00 

0.03 

15.10 

51.307 

3.410  -3.303 

11.000 

-0.174 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.105 

10.4) 

10.11 

11.01 

51.400 

3.411  -3.410 

14.000 

-0.371 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.105 

10.17 

14.00 

31.50 

51.404 

3.410  -3.474 

10.000 

-0.404 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.140 

31.47 

10.14 

43.01 

51.400 

3.410  -l.ON 

11.000 

•0.017 

0.00 

o.co 

0  00 

0.000 

0.000 

0.000 

O.IM 

40.11 

14  14 

55.10 

51.503 

3.410  -3  507 

10.000 

•0.770 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.343 

00.44 

30.11 

07.50 

51.511 

3.410  '3.514 

31.000 

-0.040 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.301 

71.03 

35.01 

00.31 

51.510 

1.410  -3.510 

34.000 

-1.141 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.440 

110.10 

04.00 

143.31 

51.510 

3.410  -3.511 

30.000 

-1.303 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.477 

170.75 

10.37 

100.05 

51.511 

3.410  -l  lll 

30.000 

•1.010 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.400 

104.01 

101.40 

110.11 

51.510 

3.410  -3.511 

40.000 

•1.001 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.400 

101.03 

05.51 

113.50 

51.515 

1.110  -3.517 

41.000 

-l.lOi 

0.00 

0.00 

0.00 

0.000 

0.000 

1.000 

0.401 

101.00 

01.30 

104.15 

51.500 

3.410  -3.511 

44.000 

-1.505 

0.00 

0.00 

0.00 

1.000 

0.000 

0.000 

0.401 

100.01 

04.41 

100.75 

51.501 

3.411  -3.505 

40.000 

•1.040 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.470 

153.01 

70.00 

171.00 

51.404 

3.417  -3.400 

40.000 

-3.111 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.400 

130.01 

00.01 

150.31 

51.400 

1.415  -3.405 

00.000 

-3.504 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.450 

110.05 

03.33 

141.00 

51.400 

3.413  -3.405 

51.000 

•3.000 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.44) 

114.10 

57.14 

117. n 

51.404 

3.411  -3.400 

04.000 

-4.310 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.430 

100. H 

00.30 

111.47 

51.507 

1.400  -1.510 

00.000 

-4.075 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.410 

70.30 

30.00 

01.73 

51.531 

1.401  -1.111 

00.000 

-4.000 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.300 

57.00 

10.00 

04.40 

51. 5n 

3.300  -1.500 

00.000 

-5.154 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.340 

40.17 

14.50 

54. N 

51.070 

3.304  -3.054 

01.000 

-5.450 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.110 

37.73 

10.00 

41.10 

51.011 

3.311  -3.707 

04.000 

-5.000 

0.00 

0.00 

0.00 

l.lOO 

0.000 

0.000 

0.1)1 

13.04 

11.51 

15.75 

51.070 

3.301  -3.004 

00.000 

-5.714 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.115 

0.01 

4.41 

0.00 

51.113 

1.400  -4.077 

00.000 

-5.017 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

0.010 

0.00 

0.40 

I.IO 

51.440 

3.417  -4.104 

70.000 

-0.004 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-O.IOI 

0.00 

0.00 

0.00 

0.000 

0.000  0.000 

71.000 

•5.003 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-0.131 

0.00 

0.00 

0.00 

0.000 

0.000  0.000 

74.000 

-0.031 

0.00 

0.00 

0.00’ 

■0.000  . 

0.000 

0.000 

-0.307 

0.00 

0.00 

0.00 

0.000 

0.000  0.000 

70.000 

-0.105 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-0.5)0 

0.00 

0.00 

0.00 

0.000 

0.000  0.000 

70.000 

-0.170 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

-0.055 

0.00 

0.00 

0.00 

0.000 

0.000  0.000 

00.000 

■0.151 

0.00 

0.00 

0.00 

0.000 

0.000 

0.000 

•o.ooo 

0.00 

0.00 

0.00 

0.000 

0.000  0.000 

211 


flGI 


DITf;  2  SOT  llll 

101  DtSClirriOl:  lUVU  l:  IISIC  sm  TOT  SinUTfOl 

no  liLT  lunss  vin  iTTSiaitrsoit  rot  ttsi  bquo  rioi:  ss.oi 

fntCLI  DECfllUTIOl:  SLIS  ICCtUUTIOI  -  ](KI  SUl 
CUSI  TICTII:  HTB  riKOTIU  ULI 

comer  FOKU  -  stain  rutu  n.  siocm 

rim  10  (loiion  rioiLs.  )  rs.  sioin  ii  i  ui 


OIFL- 

KUUL 

fiiCTioi  usoirm  comer  Locirioi  ( ii.) 

Tin 

laioi 

roici 

roici 

FOICt 

im  uriuKii 

iieic) 

1  10.1 

1  LO.I 

(  LO.I 

(  L8.) 

I  T  Z 

0.000 

0.001 

0.00 

0.00 

0.00 

31.130  -3.410  -3.100 

1.000 

0.001 

0.07 

0.01 

0.07 

31.130  -3.414  -3.110 

4.000 

0.001 

O.ll 

0.04 

0.11 

31.130  -3.410  -3.143 

0.000 

0.003 

0.10 

0.14 

0.11 

31.144  -3.410  -3.107 

0.000 

4.410 

0.73 

0.37 

0.03 

31.143  -1.414  -3.101 

10.000 

0.010 

1.00 

0.04 

1.70 

31.134  -3.410  -3.108 

11.000 

0.031 

1.47 

1.33 

1.00 

31.100  -1.410  -3.301 

14.000 

0.040 

4.10 

1.43 

4.30 

31.114  -3.410  -3.313 

10.000 

0.470 

3.03 

1.48 

0.03 

31.304  -3.410  -3.341 

10.000 

0.000 

0.18 

4.00 

0.13 

31.334  -3.410  -1.313 

10.000 

0.110 

13.70 

4.05 

13.31 

31.300  -3.410  -3.301 

11.000 

0.143 

10.47 

10.13 

11.01 

31.400  -3.410  -3.413 

14.000 

4.100 

10.14 

14.13 

31.30 

31.414  -3.410  -3.474 

10.004 

0.130 

30.30 

10.10 

43.14 

31.400  -3.410  -3.408 

10.000 

0.100 

10.43 

74.71 

33.10 

51.503  -3.410  -3.507 

30.000 

0.344 

00.00 

30.34 

07.03 

31.311  -1.410  -3.313 

31.000 

0.304 

71.10 

30.14 

00.01 

31.310  -3.410  -3.311 

34.000 

0  444 

133.40 

00.04 

140.37 

31.310  -3.410  -3.310 

30.004 

0.403 

140.00 

04.03 

110.10 

31.310  -1.410  -3.310 

30.004 

0.507 

110.74 

100.07 

143.00 

31.515  -1.410  -1.310 

40.000 

0.314 

210.05 

140.01 

141.33 

31.301  -3.410  -3.311 

41.000 

4.313 

113.41 

100.51 

131.10 

51.407  -1.411  -3.301 

44.000 

0.314 

111.01 

100.00 

137.03 

51.401  -3.411  -1.400 

40.000 

0  314 

111.00 

103.03 

130.00 

51.405  -3.413  -3.473 

40.004 

0.314 

111.07 

104.04 

137.14 

31.440  -1.415  -3.450 

30.004 

O.SII 

107.70 

101.03 

131.11 

51.413  -3.417  -3.441 

31.000 

4.400 

100.37 

03.10 

111.03 

31.300  -3.430  -3.410 

34.000 

0  471 

133.01 

77.00 

173.07 

31.301  -1.431  -3.300 

30.000 

0.430 

107.01 

33.00 

110.40 

51.300  -3.435  -3.341 

30.000 

0.303 

30.01 

10.30 

05.07 

51.100  -3.437  -3.310 

40.000 

0.353 

30.53 

15.17 

54.50 

31.130  -3.431  -3.301 

01.000 

4.307 

41.43 

10.71 

40.31 

31.101  -3.431  -3.317 

04.000 

0.100 

33.44 

14.01 

37.81 

31.307  -3.431  -1.400 

04.000 

0.134 

14.00 

13.43 

30.07 

51.514  -3.431  -1.510 

40.000 

0.100 

10.03 

10  01 

11.41 

51.037  -3.415  -3.037 

10.040 

4.130 

13.00 

0  03 

13.34 

51.013  -3.411  -1.707 

71.000 

4.111 

8.75 

3.37 

7.55 

51.071  -3.303  -3.001 

74.000 

0.038 

1.00 

1.40 

3.13 

51.111  .  3. 100  -4  011 

70.000 

-0.000 

0.00 

4.00 

0.00 

0.000  0.000  0.000 

70.040 

■0.077 

0.00 

0.04 

4.04 

0.000  0.004  0.004 

80.000 

■0.141 

0.00 

0.00 

0.00 

0.000  0.000  0.000 

212 


rial  41 


rirt;  j  sm  mt 

101  Disciimoi:  lUVLI  I:  IlSIC  SLID  TEST  SIHDUTIOI 


no  HIT  uuiss  iiTi  rmuairsoiD 

niicu  DECfllliriOl:  SLED  ICCEEUTIOI  -  100  FEU 
CUSI  fICTlI;  DSTI  rEICiniU  ULl 


UUISS  STsm  HIT  iiDKin  roicu 

IHT  n.  I  OF  UUISS  10.  I 

roiR  n.  I  roiR  m.  ii 


TIH 

STUII 

roKi 

RUII 

roici 

(KIC) 

1  II./  II.) 

1  LI.) 

(  11./  IE.) 

(  LI.) 

0.000 

0.000000 

0.00 

0.000000 

0.00 

1.000 

0.000015 

0.37 

0.000017 

0.15 

4.000 

O.OOOIIO 

1.71 

0.000005 

0.01 

0.000 

O.OOOlll 

4.11 

0.000150 

1.15 

0.000 

0.000513 

7.85 

0.000178 

4.15 

10.000 

0.000854 

11.11 

0.000438 

0.57 

11.000 

0.001013 

15.34 

0.000481 

7.11 

14.000 

0.001310 

18.80 

0.000515 

7.71 

10.000 

0.001071 

15.01 

0.000551 

1.17 

10.000 

0.001410 

11.30 

0.000400 

8.00 

10.000 

0.00II3I 

17.40 

0.000414 

7.11 

11.000 

0.001303 

35.45 

0.000017 

0.18 

14.000 

0.003005 

40.17 

0.000877 

13.15 

10  000 

1.004040 

80.01 

0.001115 

11.11 

10  000 

0.000003 

80.05 

0.001714 

15.15 

30.000 

0.000471 

141.08 

0.001150 

33.13 

31.000 

0.013070 

100.08 

0.003140 

48.73 

34.000 

0.010700 

100.15 

0.004754 

71.30 

30.000 

0.010140 

301.10 

0.007114 

108.10 

30.000 

0.031100 

404.00 

0.0I0I3I 

181.48 

40.000 

0.037100 

008.17 

0.011013 

315.35 

41.000 

0.043003 

711.17 

0.030015 

570.48 

44.000 

0.048343 

110.85 

0.053158 

1054.48 

40.000 

0.053817 

1051.84 

0.07I5II 

1000.44 

40.000 

0.055171 

1110.35 

0.017303 

1830.13 

50.000 

0.051800 

1310.41 

0.008307 

3410.17 

51.000 

0.CO47IO 

1070.01 

0  008011 

3430.41 

54.000 

0.071110 

1011.35 

0.087081 

1883.58 

50.000 

0.078001 

1131.50 

0.071000 

IN8.I7 

50.000 

0.074407 

1148.31 

0.040510 

140.31 

00.000 

0.001003 

1485.01 

0.010350 

305.38 

01.000 

0.047014 

700.41 

0.005150 

77.34 

04.000 

0.018177 

411.08 

0.000000 

0.00 

00.000 

0.007038 

105.57 

0  oooooo 

0.00 

08.000 

0.000000 

0.00 

0.000000 

0.00 

70.000 

0.000000 

0.00 

0.000000 

0.00 

71.000 

0.000000 

0.00 

0.000000 

0.00 

74.000 

0.000000 

0.00 

0:000000. 

0.00 

78.500 

0.000000 

0.00 

0.000000 

0.00 

78.000 

0.000000 

0.00 

0.000000 

0.00 

80.000 

0.000000 

0.00 

0.000000 

0.00 

DISI  niu  rioi:  30.01 


HIT  n.  1  or  umss  lo.  i 

roiR  M. 

13 

rOIR  H. 

17 

null 

FOICI 

nun 

FOKI 

1  II./  II.) 

1  LI.) 

1  II./  II.) 

1  LI.) 

0.000000 

0.00 

0.000000 

0.00 

8.0000)4 

0.11 

O.OOOOII 

0.17 

0.000057 

0.15 

O.OOOISl 

1.17 

0.000114 

).I8 

0.000470 

7.04 

0.000110 

3.10 

0.00)018 

15.17 

0.000338 

5.04 

O.OOIIOl 

27.04 

0.000344 

S.)8 

0.003454 

38.11 

0.000433 

1.50 

0.003188 

47.51 

0.0004M 

7.44 

0.003858 

57.14 

0.000404 

8.08 

0.003437 

51.4) 

8.000401 

7.48 

0.004378 

84.13 

0.008843 

0.85 

0.005470 

11.  )0 

0.000011 

13.81 

0.010008 

315.11 

0.001114 

)0.]8 

0.011038 

315.53 

0.00I7U 

18.51 

0.017340 

410.10 

8.001410 

38.44 

0.035707 

584.14 

0.004371 

85.51 

0.01387) 

355.08 

8.008401 

)18.01 
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0.058100 

1178.50 
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0.084807 

1830.53 
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APPENDIX  B 


SLIP  JOINT  AND  WIND  FORCE  EXAMPLE 


This  example  ATB  inpi/t  and  output  is  of  two  segments  connected  by  a  slip 
joint,  and  exposed  to  wind  forces. 
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